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           -. Dweb  =  Cw - tw   =    0.93 m. 

           -. DTRw  =  Dweb/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  41998.9307 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  4.9929e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6374e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  4.9929e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =        1188.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       41984.15 kN. 

           -. phiPn =  phi*Pn  =      37785.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2045.80 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            37785.73 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       9191.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       9191.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                522.85 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMny             9191.68 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =      11698.59 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =      11698.59 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =      11698.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               2575.37 

           -. --------  =  ---------------  =  0.220  <  1.000  --->  O.K. 

               phiMnz            11698.59 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.057  +  0.220 ] 

                      =  0.304  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      15388.40 kN. 

           -. Vny =  C*Vp  =      15388.40 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        243.74 kN. 

                 Vuy               243.74 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny            15388.40 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       9461.58 kN. 

           -. Vnz =  C*Vp  =       9461.58 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        356.51 kN. 

                 Vuz               356.51 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             9461.58 
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      *. PROJECT     :  

      *. MEMBER NO   = 104010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78239e+000,  Lz   = 1.78239e+000,  Lb   = 1.78239e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2389.83      -397.33      -586.97       -79.95       -77.02 

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

            TOTAL           -2389.83      -397.33      -586.97       -79.95       -77.02 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2389.83 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   833912.20 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011373.47 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2389.83            -586.97             -77.02 

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

            TOTAL           -2389.83            -586.97             -77.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -586.97 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -77.02 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  833912.1953 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2329e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  833912.1953 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.65 kN. 

           -. phiPn =  phi*Pn  =      18108.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2389.83 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            18108.58 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                586.97 

           -. --------  =  ---------------  =  0.254  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.02 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.254  +  0.031 ] 

                      =  0.351  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         18.47 kN. 

                 Vuy                18.47 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        348.19 kN. 

                 Vuz               348.19 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04474e+000,  Lz   = 1.04474e+000,  Lb   = 1.04474e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1737.54      -513.45      -473.80      -179.53      -181.51 

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

            TOTAL           -1737.54      -513.45      -473.80      -179.53      -181.51 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1737.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848289.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686558.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1737.54            -473.80            -181.51 

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

            TOTAL           -1737.54            -473.80            -181.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -473.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -181.51 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848289.3804 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8655e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848289.3804 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.09 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.94 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1737.54 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                473.80 

           -. --------  =  ---------------  =  0.175  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                181.51 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.175  +  0.055 ] 

                      =  0.272  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =         23.11 kN. 

                 Vuy                23.11 

           -. --------  =  ---------------  =  0.003  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        444.03 kN. 

                 Vuz               444.03 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78168e+000,  Lz   = 1.78168e+000,  Lb   = 1.78168e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2399.82      -392.00      -592.52       -53.91       -58.56 

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

            TOTAL           -2399.82      -392.00      -592.52       -53.91       -58.56 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2399.82 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834573.41 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012175.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2399.82            -592.52             -58.56 

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

            TOTAL           -2399.82            -592.52             -58.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -592.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -58.56 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834573.4114 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2339e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834573.4114 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.81 kN. 

           -. phiPn =  phi*Pn  =      18108.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2399.82 

           -. -------  =  ---------------  =          0.13  <  1.000  --->  O.K. 

               phiPn            18108.73 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                592.52 

           -. --------  =  ---------------  =  0.256  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 58.56 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiMnz             2490.70 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.066 + [  0.256  +  0.024 ] 

                      =  0.346  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         15.46 kN. 

                 Vuy                15.46 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        336.09 kN. 

                 Vuz               336.09 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04474e+000,  Lz   = 1.04474e+000,  Lb   = 1.04474e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1799.88      -518.27      -488.28      -165.76      -178.32 

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

            TOTAL           -1799.88      -518.27      -488.28      -165.76      -178.32 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1799.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848289.38 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686558.32 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1799.88            -488.28            -178.32 

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

            TOTAL           -1799.88            -488.28            -178.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -488.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -178.32 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848289.3804 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8655e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848289.3804 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.09 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.94 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1799.88 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                488.28 

           -. --------  =  ---------------  =  0.180  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                178.32 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.180  +  0.054 ] 

                      =  0.278  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         19.06 kN. 

                 Vuy                19.06 

           -. --------  =  ---------------  =  0.002  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        447.50 kN. 

                 Vuz               447.50 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    73 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Vert_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.621,  Flg Width   =      0.621,  Web Center  =      0.583 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

        <Pos I>. 

         Area = 8.88340e-002,  Asy  = 4.73202e-002,  Asz  = 4.73202e-002 

         Ybar = 3.10500e-001,  Zbar = 3.10500e-001,  Qyb  = 1.27596e-001,  Qzb  = 1.27596e-001 

         Syy  = 1.62707e-002,  Szz  = 1.62707e-002,  Zyy  = 1.94456e-002,  Zzz  = 1.94456e-002 

         Iyy  = 5.05205e-003,  Izz  = 5.05205e-003,  Iyz  = 0.00000e+000 

         ry   = 2.38476e-001,  rz   = 2.38476e-001 

        <Pos J>. 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.27800e+000,  Lz   = 2.27800e+000,  Lb   = 2.27800e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -207.57      -467.36     -1211.74      -502.78       -94.89 

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

            TOTAL            -207.57      -467.36     -1211.74      -502.78       -94.89 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      207.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1783 

              Pey    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1783 

              Pez    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -207.57           -1211.74             -94.89 

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

            TOTAL            -207.57           -1211.74             -94.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1211.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -94.89 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.5  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.37 m. 

           -. DTRw  =  Dweb/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.37 m. 

           -. DTRf  =  Dflg/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  21640.4298 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  680798.3498 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.278 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.6673e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  680798.3498 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          31.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21354.42 kN. 

           -. phiPn =  phi*Pn  =      19218.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                207.57 

           -. -------  =  ---------------  =          0.01  <  1.000  --->  O.K. 

               phiPn            19218.98 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1211.74 

           -. --------  =  ---------------  =  0.443  <  1.000  --->  O.K. 

               phiMny             2738.15 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2738.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 94.89 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiMnz             2738.15 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.443  +  0.035 ] 

                      =  0.483  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        475.86 kN. 

                 Vuy               475.86 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6856.22 kN. 

           -. Vnz =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        326.78 kN. 

                 Vuz               326.78 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz             6856.22 
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      *. PROJECT     :  

      *. MEMBER NO   = 105001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    12 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.825,  Flg Width   =      0.825,  Web Center  =      0.787 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.19924e-001,  Asy  = 6.28650e-002,  Asz  = 6.28650e-002 

         Ybar = 4.12500e-001,  Zbar = 4.12500e-001,  Qyb  = 2.32386e-001,  Qzb  = 2.32386e-001 

         Syy  = 3.00736e-002,  Szz  = 3.00736e-002,  Zyy  = 3.54156e-002,  Zzz  = 3.54156e-002 

         Iyy  = 1.24054e-002,  Izz  = 1.24054e-002,  Iyz  = 0.00000e+000 

         ry   = 3.21627e-001,  rz   = 3.21627e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 6.50000e-001,  Lz   = 6.50000e-001,  Lb   = 6.50000e-001 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2202.75      -127.14      -245.06     -1371.19     -1156.69 

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

            TOTAL           -2202.75      -127.14      -245.06     -1371.19     -1156.69 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2202.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        4.47 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0590 

              Pey    =  (Area*Fy)/Lambda^2       = 10731563.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.47 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0590 

              Pez    =  (Area*Fy)/Lambda^2       = 10731563.63 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2202.75            -245.06           -1156.69 

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

            TOTAL           -2202.75            -245.06           -1156.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -245.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1156.69 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     4.5  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.0732e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.650 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.7570e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.0732e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         286.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37347.33 kN. 

           -. phiPn =  phi*Pn  =      33612.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2202.75 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33612.60 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 286 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8446.14 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8446.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                245.06 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMny             8446.14 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8446.14 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8446.14 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8446.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1156.69 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMnz             8446.14 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.029  +  0.137 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        436.69 kN. 

                 Vuy               436.69 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        396.09 kN. 

                 Vuz               396.09 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 105002,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    31 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos J>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.13000e+000,  Lz   = 1.13000e+000,  Lb   = 1.13000e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2202.74      -245.06      -450.25     -1156.69      -884.67 

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

            TOTAL           -2202.74      -245.06      -450.25     -1156.69      -884.67 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2202.74 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        3.88 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0513 

              Pey    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0513 

              Pez    =  (Area*Fy)/Lambda^2       = 14203416.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2202.74            -245.06           -1156.69 

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

            TOTAL           -2202.74            -245.06           -1156.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -245.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1156.69 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     3.9  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.4203e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.130 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.1222e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.4203e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         379.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37360.65 kN. 

           -. phiPn =  phi*Pn  =      33624.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2202.74 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33624.58 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                245.06 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiMny             8444.25 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8444.25 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8444.25 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8444.25 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1156.69 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMnz             8444.25 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.033 + [  0.029  +  0.137 ] 

                      =  0.199  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        432.49 kN. 

                 Vuy               432.49 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      10131.97 kN. 

           -. Vnz =  C*Vp  =      10131.97 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        391.65 kN. 

                 Vuz               391.65 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz            10131.97 
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      *. PROJECT     :  

      *. MEMBER NO   = 105003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    32 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.665,  Flg Width   =      1.010,  Web Center  =      0.972 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos I>. 

         Area = 1.21829e-001,  Asy  = 7.69620e-002,  Asz  = 5.06730e-002 

         Ybar = 5.05000e-001,  Zbar = 3.32500e-001,  Qyb  = 2.01628e-001,  Qzb  = 2.70576e-001 

         Syy  = 2.66680e-002,  Szz  = 3.39465e-002,  Zyy  = 3.07281e-002,  Zzz  = 4.12358e-002 

         Iyy  = 8.86711e-003,  Izz  = 1.71430e-002,  Iyz  = 0.00000e+000 

         ry   = 2.69784e-001,  rz   = 3.75118e-001 

        <Pos J>. 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 5.92000e-001,  Lz   = 5.92000e-001,  Lb   = 5.92000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2412.90      -942.49     -1166.57      -572.67      -573.29 

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

            TOTAL           -2412.90      -942.49     -1166.57      -572.67      -573.29 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2412.90 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        2.19 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0290 

              Pey    =  (Area*Fy)/Lambda^2       = 49929313.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        1.58 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0209 

              Pez    =  (Area*Fy)/Lambda^2       = 96529324.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2412.90            -942.49            -572.67 

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

            TOTAL           -2412.90            -942.49            -572.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -942.49 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -572.67 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     2.2  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.93 m. 

           -. DTRf  =  Dflg/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.59 m. 

           -. DTRw  =  Dweb/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.59 m. 

           -. DTRf  =  Dflg/tw   =   15.45  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.93 m. 

           -. DTRw  =  Dweb/tf   =   24.51  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.122 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  41998.9307 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  4.9929e+007 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.592 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.6374e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  4.9929e+007 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =        1188.82 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       41984.15 kN. 

           -. phiPn =  phi*Pn  =      37785.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2412.90 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            37785.73 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       9191.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       9191.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                942.49 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiMny             9191.68 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =      11698.59 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =      11698.59 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =      11698.59 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                572.67 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz            11698.59 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.103  +  0.049 ] 

                      =  0.183  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      15388.40 kN. 

           -. Vny =  C*Vp  =      15388.40 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    I ) 

           -. Applied shear force : Vuy =        427.43 kN. 

                 Vuy               427.43 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny            15388.40 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       9461.58 kN. 

           -. Vnz =  C*Vp  =       9461.58 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        386.43 kN. 

                 Vuz               386.43 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             9461.58 
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      *. PROJECT     :  

      *. MEMBER NO   = 105010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78201e+000,  Lz   = 1.78201e+000,  Lb   = 1.78201e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1711.00      -215.15      -376.38      -323.03      -356.49 

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

            TOTAL           -1711.00      -215.15      -376.38      -323.03      -356.49 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1711.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834265.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1011801.84 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1711.00            -376.38            -356.49 

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

            TOTAL           -1711.00            -376.38            -356.49 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -376.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -356.49 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834265.3965 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2335e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834265.3965 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.74 kN. 

           -. phiPn =  phi*Pn  =      18108.66 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1711.00 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            18108.66 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                376.38 

           -. --------  =  ---------------  =  0.163  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                356.49 

           -. --------  =  ---------------  =  0.143  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.163  +  0.143 ] 

                      =  0.353  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         33.98 kN. 

                 Vuy                33.98 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        228.63 kN. 

                 Vuz               228.63 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04485e+000,  Lz   = 1.04485e+000,  Lb   = 1.04485e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1696.69       -85.16      -215.47      -319.68      -341.67 

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

            TOTAL           -1696.69       -85.16      -215.47      -319.68      -341.67 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1696.69 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847704.96 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685596.72 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1696.69            -215.47            -341.67 

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

            TOTAL           -1696.69            -215.47            -341.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -215.47 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -341.67 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847704.9580 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8649e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847704.9580 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.92 kN. 

           -. phiPn =  phi*Pn  =      20424.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1696.69 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20424.53 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                215.47 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                341.67 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.079  +  0.104 ] 

                      =  0.225  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =         33.99 kN. 

                 Vuy                33.99 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        428.67 kN. 

                 Vuz               428.67 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78200e+000,  Lz   = 1.78200e+000,  Lb   = 1.78200e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 313 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1735.48      -243.79      -380.64      -322.73      -354.01 

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

            TOTAL           -1735.48      -243.79      -380.64      -322.73      -354.01 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1735.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834275.12 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1011813.63 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1735.48            -380.64            -354.01 

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

            TOTAL           -1735.48            -380.64            -354.01 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -380.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -354.01 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834275.1170 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2335e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834275.1170 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.74 kN. 

           -. phiPn =  phi*Pn  =      18108.66 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1735.48 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            18108.66 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                380.64 

           -. --------  =  ---------------  =  0.165  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                354.01 

           -. --------  =  ---------------  =  0.142  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.165  +  0.142 ] 

                      =  0.355  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         31.53 kN. 

                 Vuy                31.53 

           -. --------  =  ---------------  =  0.005  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        216.40 kN. 

                 Vuz               216.40 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04486e+000,  Lz   = 1.04486e+000,  Lb   = 1.04486e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1722.68       -78.32      -244.13      -320.67      -342.39 

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

            TOTAL           -1722.68       -78.32      -244.13      -320.67      -342.39 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1722.68 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847655.40 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685515.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1722.68            -244.13            -342.39 

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

            TOTAL           -1722.68            -244.13            -342.39 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -244.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -342.39 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 321 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847655.3975 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8649e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847655.3975 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.92 kN. 

           -. phiPn =  phi*Pn  =      20424.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1722.68 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20424.53 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                244.13 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                342.39 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.090  +  0.104 ] 

                      =  0.236  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =         32.44 kN. 

                 Vuy                32.44 

           -. --------  =  ---------------  =  0.004  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        425.30 kN. 

                 Vuz               425.30 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =    73 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Vert_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.621,  Flg Width   =      0.621,  Web Center  =      0.583 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

        <Pos I>. 

         Area = 8.88340e-002,  Asy  = 4.73202e-002,  Asz  = 4.73202e-002 

         Ybar = 3.10500e-001,  Zbar = 3.10500e-001,  Qyb  = 1.27596e-001,  Qzb  = 1.27596e-001 

         Syy  = 1.62707e-002,  Szz  = 1.62707e-002,  Zyy  = 1.94456e-002,  Zzz  = 1.94456e-002 

         Iyy  = 5.05205e-003,  Izz  = 5.05205e-003,  Iyz  = 0.00000e+000 

         ry   = 2.38476e-001,  rz   = 2.38476e-001 

        <Pos J>. 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.27800e+000,  Lz   = 2.27800e+000,  Lb   = 2.27800e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES         5.05            1311.96              51.44 

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

            TOTAL               5.05            1311.96              51.44 

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

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1311.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =       51.44 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    13.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      20558.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                  5.05 

           -. -------  =  ---------------  =2.456e-004  <  1.000  --->  O.K. 

               phiPn            20558.41 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1311.96 

           -. --------  =  ---------------  =  0.479  <  1.000  --->  O.K. 

               phiMny             2738.15 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2738.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 51.44 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiMnz             2738.15 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =1.228e-004 + [  0.479  +  0.019 ] 

                      =  0.498  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        169.49 kN. 

                 Vuy               169.49 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6856.22 kN. 

           -. Vnz =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        340.66 kN. 

                 Vuz               340.66 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6856.22 
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      *. PROJECT     :  

      *. MEMBER NO   = 106101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    10 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-0.0_(1-1/2") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

         J    = 1.37462e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00000e-001,  Lz   = 2.00000e-001,  Lb   = 2.00000e-001 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

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

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2703.80     -2746.08     -2929.84      -170.76      -290.38 

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

            TOTAL           -2703.80     -2746.08     -2929.84      -170.76      -290.38 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2703.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        1.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0182 

              Pey    =  (Area*Fy)/Lambda^2       =113352140.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        1.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0182 

              Pez    =  (Area*Fy)/Lambda^2       =113352140.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2703.80           -2929.84            -290.38 

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

            TOTAL           -2703.80           -2929.84            -290.38 

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

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2929.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -290.38 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     1.4  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 330 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.1335e+008 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.200 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9120e+039 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.1335e+008 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =        3030.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37396.68 kN. 

           -. phiPn =  phi*Pn  =      33657.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2703.80 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            33657.02 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8447.92 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8447.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2929.84 

           -. --------  =  ---------------  =  0.347  <  1.000  --->  O.K. 

               phiMny             8447.92 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8447.92 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8447.92 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8447.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                290.38 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             8447.92 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.347  +  0.034 ] 

                      =  0.421  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

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

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =  3/4 ) 

           -. Applied shear force : Vuy =       1548.76 kN. 

                 Vuy              1548.76 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =  3/4 ) 

           -. Applied shear force : Vuz =        920.07 kN. 

                 Vuz               920.07 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 106110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78179e+000,  Lz   = 1.78179e+000,  Lb   = 1.78179e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -908.57      -544.14      -588.92      -298.48       -45.65 

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

            TOTAL            -908.57      -544.14      -588.92      -298.48       -45.65 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      908.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979237.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611231.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -908.57            -544.14            -298.48 

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

            TOTAL            -908.57            -544.14            -298.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -544.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -298.48 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979237.4696 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8516e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979237.4696 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.46 kN. 

           -. phiPn =  phi*Pn  =      20294.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                908.57 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.52 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                544.14 

           -. --------  =  ---------------  =  0.201  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                298.48 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.201  +  0.091 ] 

                      =  0.314  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        378.51 kN. 

                 Vuy               378.51 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        534.73 kN. 

                 Vuz               534.73 

           -. --------  =  ---------------  =  0.088  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04509e+000,  Lz   = 1.04509e+000,  Lb   = 1.04509e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -886.59     -1019.89      -544.25      -544.83      -301.37 

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

            TOTAL            -886.59     -1019.89      -544.25      -544.83      -301.37 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      886.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846357.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4683378.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -886.59            -544.25            -301.37 

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

            TOTAL            -886.59            -544.25            -301.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -544.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -301.37 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846357.0055 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8636e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846357.0055 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.89 kN. 

           -. phiPn =  phi*Pn  =      20424.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                886.59 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.50 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 344 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                544.25 

           -. --------  =  ---------------  =  0.201  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                301.37 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.201  +  0.092 ] 

                      =  0.314  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        372.65 kN. 

                 Vuy               372.65 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        558.18 kN. 

                 Vuz               558.18 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78179e+000,  Lz   = 1.78179e+000,  Lb   = 1.78179e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3670.89      -827.60      -761.39      -235.81      -133.23 

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

            TOTAL           -3670.89      -827.60      -761.39      -235.81      -133.23 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3670.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834473.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012053.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3670.89            -761.39            -133.23 

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

            TOTAL           -3670.89            -761.39            -133.23 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -761.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -133.23 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834473.2553 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2338e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834473.2553 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.79 kN. 

           -. phiPn =  phi*Pn  =      18108.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3670.89 

           -. -------  =  ---------------  =          0.20  <  1.000  --->  O.K. 

               phiPn            18108.71 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                761.39 

           -. --------  =  ---------------  =  0.329  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                133.23 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.203 + (8/9)*[  0.329  +  0.053 ] 

                      =  0.543  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        342.49 kN. 

                 Vuy               342.49 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        203.73 kN. 

                 Vuz               203.73 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04516e+000,  Lz   = 1.04516e+000,  Lb   = 1.04516e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3662.30      -497.78      -827.52      -451.88      -239.03 

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

            TOTAL           -3662.30      -497.78      -827.52      -451.88      -239.03 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3662.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846005.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682800.01 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3662.30            -827.52            -239.03 

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

            TOTAL           -3662.30            -827.52            -239.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -827.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -239.03 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846005.2357 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8632e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846005.2357 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.88 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3662.30 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                827.52 

           -. --------  =  ---------------  =  0.305  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                239.03 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.305  +  0.073 ] 

                      =  0.467  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        336.40 kN. 

                 Vuy               336.40 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        385.71 kN. 

                 Vuz               385.71 

           -. --------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 358 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 106130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.17027e+000,  Lz   = 2.17027e+000,  Lb   = 2.17027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1984.03      -680.64      -262.86      -238.32      -181.08 

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

            TOTAL           -1984.03      -680.64      -262.86      -238.32      -181.08 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1984.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1848 

              Pey    =  (Area*Fy)/Lambda^2       =   686274.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1389 

              Pez    =  (Area*Fy)/Lambda^2       =  1214474.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1984.03            -680.64            -238.32 

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

            TOTAL           -1984.03            -680.64            -238.32 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -680.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -238.32 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  686274.3588 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.170 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2759e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  686274.3588 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23094.39 kN. 

           -. phiPn =  phi*Pn  =      20784.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1984.03 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20784.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                680.64 

           -. --------  =  ---------------  =  0.241  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                238.32 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMnz             3511.35 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.241  +  0.068 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        217.57 kN. 

                 Vuy               217.57 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        318.11 kN. 

                 Vuz               318.11 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.60824e-001,  Lz   = 8.60824e-001,  Lb   = 8.60824e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2001.48      -732.48      -680.19      -311.80      -244.51 

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

            TOTAL           -2001.48      -732.48      -680.19      -311.80      -244.51 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2001.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0733 

              Pey    =  (Area*Fy)/Lambda^2       =  4362107.63 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0551 

              Pez    =  (Area*Fy)/Lambda^2       =  7719464.34 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2001.48            -680.19            -244.51 

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

            TOTAL           -2001.48            -680.19            -244.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -680.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -244.51 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4362107.6267 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.861 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.9891e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4362107.6267 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         186.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23374.12 kN. 

           -. phiPn =  phi*Pn  =      21036.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2001.48 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            21036.71 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                680.19 

           -. --------  =  ---------------  =  0.241  <  1.000  --->  O.K. 

               phiMny             2821.98 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.72 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.72 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.72 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                244.51 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiMnz             3515.72 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.048 + [  0.241  +  0.070 ] 

                      =  0.358  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        209.84 kN. 

                 Vuy               209.84 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        232.34 kN. 

                 Vuz               232.34 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.25027e+000,  Lz   = 2.25027e+000,  Lb   = 2.25027e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1375.48      -367.26      -340.58      -225.03      -289.31 

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

            TOTAL           -1375.48      -367.26      -340.58      -225.03      -289.31 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1375.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.91 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1971 

              Pey    =  (Area*Fy)/Lambda^2       =   523186.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.54 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1790 

              Pez    =  (Area*Fy)/Lambda^2       =   634523.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1375.48            -340.58            -289.31 

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

            TOTAL           -1375.48            -340.58            -289.31 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -340.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -289.31 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  523186.1124 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.250 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.7354e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  523186.1124 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          25.74 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       19999.10 kN. 

           -. phiPn =  phi*Pn  =      17999.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1375.48 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            17999.19 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.14 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                340.58 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMny             2310.14 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2489.66 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2489.66 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2489.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                289.31 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMnz             2489.66 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.147  +  0.116 ] 

                      =  0.302  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        262.48 kN. 

                 Vuy               262.48 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        219.20 kN. 

                 Vuz               219.20 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.78708e-001,  Lz   = 9.78708e-001,  Lb   = 9.78708e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1730.12      -558.65      -530.59      -242.19       -96.46 

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

            TOTAL           -1730.12      -558.65      -530.59      -242.19       -96.46 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1730.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0833 

              Pey    =  (Area*Fy)/Lambda^2       =  3374574.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.74 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0626 

              Pez    =  (Area*Fy)/Lambda^2       =  5971862.57 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1730.12            -530.59             -96.46 

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

            TOTAL           -1730.12            -530.59             -96.46 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -530.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -96.46 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.3  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 379 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3374574.4661 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.979 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0860e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3374574.4661 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         144.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23358.75 kN. 

           -. phiPn =  phi*Pn  =      21022.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1730.12 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21022.88 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                530.59 

           -. --------  =  ---------------  =  0.188  <  1.000  --->  O.K. 

               phiMny             2821.78 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.33 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.33 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.33 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 96.46 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiMnz             3515.33 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.188  +  0.027 ] 

                      =  0.257  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        258.10 kN. 

                 Vuy               258.10 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        183.13 kN. 

                 Vuz               183.13 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    10 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-0.0_(1-1/2") 

         Shape     = B - Section. (Built-up) 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

         J    = 1.37462e-002,  Cwp  = 1.00000e+028 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.00000e-001,  Lz   = 2.00000e-001,  Lb   = 2.00000e-001 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

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

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2593.45     -2677.81     -2852.88      -493.32      -670.60 

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

            TOTAL           -2593.45     -2677.81     -2852.88      -493.32      -670.60 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 383 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2593.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        1.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0182 

              Pey    =  (Area*Fy)/Lambda^2       =113352140.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        1.37 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0182 

              Pez    =  (Area*Fy)/Lambda^2       =113352140.88 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2593.45           -2852.88            -670.60 

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

            TOTAL           -2593.45           -2852.88            -670.60 

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

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2852.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -670.60 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     1.4  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 
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      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  1.1335e+008 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.200 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9120e+039 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  1.1335e+008 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =        3030.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37396.68 kN. 

           -. phiPn =  phi*Pn  =      33657.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2593.45 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            33657.02 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8447.92 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8447.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2852.88 

           -. --------  =  ---------------  =  0.338  <  1.000  --->  O.K. 

               phiMny             8447.92 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 386 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8447.92 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8447.92 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8447.92 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                670.60 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMnz             8447.92 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.338  +  0.079 ] 

                      =  0.456  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

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

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =  3/4 ) 

           -. Applied shear force : Vuy =       1590.90 kN. 

                 Vuy              1590.90 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 
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      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =  3/4 ) 

           -. Applied shear force : Vuz =        876.44 kN. 

                 Vuz               876.44 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVnz            11427.03 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 388 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 106210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78179e+000,  Lz   = 1.78179e+000,  Lb   = 1.78179e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3686.39      -860.69      -756.06      -236.68      -144.64 

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

            TOTAL           -3686.39      -860.69      -756.06      -236.68      -144.64 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3686.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834473.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012053.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3686.39            -756.06            -144.64 

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

            TOTAL           -3686.39            -756.06            -144.64 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -756.06 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -144.64 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834473.2553 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2338e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834473.2553 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.79 kN. 

           -. phiPn =  phi*Pn  =      18108.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3686.39 

           -. -------  =  ---------------  =          0.20  <  1.000  --->  O.K. 

               phiPn            18108.71 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                756.06 

           -. --------  =  ---------------  =  0.327  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                144.64 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  >  0.20  --->  Formula(6.9.2.2-1) 

 

                           Pu       8  [    Muy        Muz   ] 

           -. ComRat  =  ------- + --- [ -------- + -------- ] 

                          phiPn     9  [  phiMny     phiMnz  ] 

                      =  0.204 + (8/9)*[  0.327  +  0.058 ] 

                      =  0.546  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 393 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        311.55 kN. 

                 Vuy               311.55 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        222.46 kN. 

                 Vuz               222.46 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04509e+000,  Lz   = 1.04509e+000,  Lb   = 1.04509e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3680.19      -550.56      -860.52      -443.85      -241.74 

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

            TOTAL           -3680.19      -550.56      -860.52      -443.85      -241.74 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3680.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2846357.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4683378.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3680.19            -860.52            -241.74 

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

            TOTAL           -3680.19            -860.52            -241.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -860.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -241.74 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2846357.0055 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8636e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2846357.0055 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.89 kN. 

           -. phiPn =  phi*Pn  =      20424.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3680.19 

           -. -------  =  ---------------  =          0.18  <  1.000  --->  O.K. 

               phiPn            20424.50 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 398 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                860.52 

           -. --------  =  ---------------  =  0.317  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                241.74 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.090 + [  0.317  +  0.074 ] 

                      =  0.481  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        304.84 kN. 

                 Vuy               304.84 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        370.04 kN. 

                 Vuz               370.04 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78249e+000,  Lz   = 1.78249e+000,  Lb   = 1.78249e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -869.37      -586.37      -598.40      -209.08      -150.76 

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

            TOTAL            -869.37      -586.37      -598.40      -209.08      -150.76 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      869.37 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   833814.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011255.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -869.37            -598.40            -150.76 

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

            TOTAL            -869.37            -598.40            -150.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -598.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -150.76 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  833814.8222 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2328e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  833814.8222 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.63 kN. 

           -. phiPn =  phi*Pn  =      18108.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                869.37 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            18108.56 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 404 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                598.40 

           -. --------  =  ---------------  =  0.259  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                150.76 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.259  +  0.061 ] 

                      =  0.343  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        351.82 kN. 

                 Vuy               351.82 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        561.49 kN. 

                 Vuz               561.49 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04454e+000,  Lz   = 1.04454e+000,  Lb   = 1.04454e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -899.88     -1075.30      -586.50      -365.93      -215.98 

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

            TOTAL            -899.88     -1075.30      -586.50      -365.93      -215.98 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      899.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2849377.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4688349.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -899.88            -586.50            -215.98 

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

            TOTAL            -899.88            -586.50            -215.98 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -586.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -215.98 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2849377.9844 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8666e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2849377.9844 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.97 kN. 

           -. phiPn =  phi*Pn  =      20424.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                899.88 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.57 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                586.50 

           -. --------  =  ---------------  =  0.216  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                215.98 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.216  +  0.066 ] 

                      =  0.304  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        346.00 kN. 

                 Vuy               346.00 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        580.97 kN. 

                 Vuz               580.97 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.22079e+000,  Lz   = 2.22079e+000,  Lb   = 2.22079e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1957.29      -662.34      -259.92      -198.03      -149.92 

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

            TOTAL           -1957.29      -662.34      -259.92      -198.03      -149.92 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1957.29 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1891 

              Pey    =  (Area*Fy)/Lambda^2       =   655403.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.75 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1421 

              Pez    =  (Area*Fy)/Lambda^2       =  1159843.44 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1957.29            -662.34            -198.03 

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

            TOTAL           -1957.29            -662.34            -198.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -662.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -198.03 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.3  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  655403.2379 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.221 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9936e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  655403.2379 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23078.85 kN. 

           -. phiPn =  phi*Pn  =      20770.97 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1957.29 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20770.97 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                662.34 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             2819.78 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.18 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.18 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                198.03 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiMnz             3511.18 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.235  +  0.056 ] 

                      =  0.338  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        216.07 kN. 

                 Vuy               216.07 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        307.26 kN. 

                 Vuz               307.26 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.76746e-001,  Lz   = 8.76746e-001,  Lb   = 8.76746e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1972.50      -710.54      -663.03      -296.92      -202.66 

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

            TOTAL           -1972.50      -710.54      -663.03      -296.92      -202.66 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1972.50 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.65 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0746 

              Pey    =  (Area*Fy)/Lambda^2       =  4205114.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.25 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0561 

              Pez    =  (Area*Fy)/Lambda^2       =  7441639.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1972.50            -663.03            -202.66 

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

            TOTAL           -1972.50            -663.03            -202.66 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -663.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -202.66 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4205114.8124 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.877 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8455e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4205114.8124 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         179.50 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23372.16 kN. 

           -. phiPn =  phi*Pn  =      21034.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1972.50 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21034.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                663.03 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             2821.95 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                202.66 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             3515.67 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.235  +  0.058 ] 

                      =  0.339  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        211.47 kN. 

                 Vuy               211.47 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        228.82 kN. 

                 Vuz               228.82 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.29891e+000,  Lz   = 2.29891e+000,  Lb   = 2.29891e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1342.00      -384.85      -363.87      -299.60      -265.47 

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

            TOTAL           -1342.00      -384.85      -363.87      -299.60      -265.47 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1342.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       15.24 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2014 

              Pey    =  (Area*Fy)/Lambda^2       =   501280.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.83 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1829 

              Pez    =  (Area*Fy)/Lambda^2       =   607955.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1342.00            -363.87            -265.47 

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

            TOTAL           -1342.00            -363.87            -265.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -363.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -265.47 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    15.2  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  501280.1645 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.299 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.4115e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  501280.1645 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          24.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       19984.89 kN. 

           -. phiPn =  phi*Pn  =      17986.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1342.00 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            17986.40 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.06 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.06 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                363.87 

           -. --------  =  ---------------  =  0.158  <  1.000  --->  O.K. 

               phiMny             2310.06 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2489.55 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2489.55 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2489.55 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                265.47 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMnz             2489.55 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.158  +  0.107 ] 

                      =  0.301  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        237.84 kN. 

                 Vuy               237.84 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        247.95 kN. 

                 Vuz               247.95 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 430 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 106241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.96585e-001,  Lz   = 9.96585e-001,  Lb   = 9.96585e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1613.48      -623.52      -564.90      -307.77      -171.56 

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

            TOTAL           -1613.48      -623.52      -564.90      -307.77      -171.56 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1613.48 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.42 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0848 

              Pey    =  (Area*Fy)/Lambda^2       =  3254590.06 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.83 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0638 

              Pez    =  (Area*Fy)/Lambda^2       =  5759530.50 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1613.48            -564.90            -171.56 

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

            TOTAL           -1613.48            -564.90            -171.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -564.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -171.56 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3254590.0644 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.997 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9763e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3254590.0644 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         138.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23356.25 kN. 

           -. phiPn =  phi*Pn  =      21020.63 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1613.48 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21020.63 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                564.90 

           -. --------  =  ---------------  =  0.200  <  1.000  --->  O.K. 

               phiMny             2821.76 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                171.56 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             3515.27 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.200  +  0.049 ] 

                      =  0.287  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        232.41 kN. 

                 Vuy               232.41 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        221.58 kN. 

                 Vuz               221.58 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78167e+000,  Lz   = 1.78167e+000,  Lb   = 1.78167e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 437 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1059.41      -438.84       -76.93      -482.45      -174.70 

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

            TOTAL           -1059.41      -438.84       -76.93      -482.45      -174.70 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1059.41 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979368.58 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611447.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1059.41            -438.84            -482.45 

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

            TOTAL           -1059.41            -438.84            -482.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -438.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -482.45 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979368.5756 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8529e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979368.5756 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.49 kN. 

           -. phiPn =  phi*Pn  =      20294.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1059.41 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.54 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                438.84 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                482.45 

           -. --------  =  ---------------  =  0.147  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.162  +  0.147 ] 

                      =  0.335  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 441 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        371.83 kN. 

                 Vuy               371.83 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        372.16 kN. 

                 Vuz               372.16 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04489e+000,  Lz   = 1.04489e+000,  Lb   = 1.04489e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1076.78      -530.72      -438.66      -878.74      -502.97 

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

            TOTAL           -1076.78      -530.72      -438.66      -878.74      -502.97 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1076.78 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847475.43 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685219.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1076.78            -438.66            -502.97 

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

            TOTAL           -1076.78            -438.66            -502.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -438.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -502.97 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847475.4291 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8647e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847475.4291 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.92 kN. 

           -. phiPn =  phi*Pn  =      20424.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1076.78 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.52 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                438.66 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                502.97 

           -. --------  =  ---------------  =  0.153  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.162  +  0.153 ] 

                      =  0.341  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        366.59 kN. 

                 Vuy               366.59 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuz =        249.04 kN. 

                 Vuz               249.04 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.17107e+000,  Lz   = 2.17107e+000,  Lb   = 2.17107e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2263.26     -1038.87      -579.42      -441.28       -61.36 

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

            TOTAL           -2263.26     -1038.87      -579.42      -441.28       -61.36 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2263.26 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1848 

              Pey    =  (Area*Fy)/Lambda^2       =   685766.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1389 

              Pez    =  (Area*Fy)/Lambda^2       =  1213575.73 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2263.26           -1038.87            -441.28 

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

            TOTAL           -2263.26           -1038.87            -441.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1038.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -441.28 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  685766.2296 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.171 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2713e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  685766.2296 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23094.15 kN. 

           -. phiPn =  phi*Pn  =      20784.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2263.26 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20784.73 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1038.87 

           -. --------  =  ---------------  =  0.368  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                441.28 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMnz             3511.35 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.368  +  0.126 ] 

                      =  0.549  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        262.45 kN. 

                 Vuy               262.45 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        733.93 kN. 

                 Vuz               733.93 

           -. --------  =  ---------------  =  0.120  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.60384e-001,  Lz   = 8.60384e-001,  Lb   = 8.60384e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2332.14     -1436.45     -1036.58      -649.36      -448.95 

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

            TOTAL           -2332.14     -1436.45     -1036.58      -649.36      -448.95 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2332.14 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.57 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0736 

              Pey    =  (Area*Fy)/Lambda^2       =  4199672.47 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.34 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0574 

              Pez    =  (Area*Fy)/Lambda^2       =  6910115.98 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2332.14           -1036.58            -448.95 

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

            TOTAL           -2332.14           -1036.58            -448.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1036.58 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -448.95 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

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

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

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

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

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

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4199672.4685 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.860 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2251e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4199672.4685 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         184.44 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22718.38 kN. 

           -. phiPn =  phi*Pn  =      20446.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2332.14 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20446.55 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2714.05 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2714.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1036.58 

           -. --------  =  ---------------  =  0.382  <  1.000  --->  O.K. 

               phiMny             2714.05 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                448.95 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMnz             3288.69 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.382  +  0.137 ] 

                      =  0.575  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =        258.01 kN. 

                 Vuy               258.01 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        529.16 kN. 

                 Vuz               529.16 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23133e+000,  Lz   = 2.23133e+000,  Lb   = 2.23133e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1785.55             877.48             408.33 

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

            TOTAL            1785.55             877.48             408.33 

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

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      877.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      408.33 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1785.55 

           -. -------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                877.48 

           -. --------  =  ---------------  =  0.311  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                408.33 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMnz             3511.15 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.311  +  0.116 ] 

                      =  0.468  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        250.13 kN. 

                 Vuy               250.13 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        643.78 kN. 

                 Vuz               643.78 

           -. --------  =  ---------------  =  0.106  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.49316e-001,  Lz   = 9.49316e-001,  Lb   = 9.49316e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1834.64             877.55             413.82 

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

            TOTAL            1834.64             877.55             413.82 

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

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      877.55 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      413.82 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

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

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1834.64 

           -. -------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                877.55 

           -. --------  =  ---------------  =  0.311  <  1.000  --->  O.K. 

               phiMny             2821.83 

 

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

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

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

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                413.82 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMnz             3515.43 

 

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

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

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

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.311  +  0.118 ] 

                      =  0.470  <  1.000  --->  O.K. 

 

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

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =        246.80 kN. 

                 Vuy               246.80 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        483.56 kN. 

                 Vuz               483.56 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78167e+000,  Lz   = 1.78167e+000,  Lb   = 1.78167e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

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

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

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

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

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

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1110.84      -466.25       -76.15      -504.06      -185.34 

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

            TOTAL           -1110.84      -466.25       -76.15      -504.06      -185.34 

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

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1110.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979368.58 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611447.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

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

            Load Case             Pu                 My                 Mz  

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

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1110.84            -466.25            -504.06 

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

            TOTAL           -1110.84            -466.25            -504.06 

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

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

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

 
HOJA: 470 DE 1224 

 

 

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

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

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

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -466.25 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -504.06 kN-m. 

 

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

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979368.5756 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8529e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979368.5756 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.49 kN. 

           -. phiPn =  phi*Pn  =      20294.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1110.84 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                466.25 

           -. --------  =  ---------------  =  0.172  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                504.06 

           -. --------  =  ---------------  =  0.153  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.172  +  0.153 ] 

                      =  0.353  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        386.04 kN. 

                 Vuy               386.04 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    I ) 

           -. Applied shear force : Vuz =        368.74 kN. 

                 Vuz               368.74 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04489e+000,  Lz   = 1.04489e+000,  Lb   = 1.04489e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1129.23      -580.90      -466.24      -920.93      -524.02 

           ------------------------------------------------------------------------------- 

            TOTAL           -1129.23      -580.90      -466.24      -920.93      -524.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1129.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847475.43 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685219.05 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1129.23            -466.24            -524.02 

           ---------------------------------------------------------------- 

            TOTAL           -1129.23            -466.24            -524.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -466.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -524.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847475.4291 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8647e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847475.4291 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.92 kN. 

           -. phiPn =  phi*Pn  =      20424.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1129.23 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20424.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                466.24 

           -. --------  =  ---------------  =  0.172  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                524.02 

           -. --------  =  ---------------  =  0.159  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.172  +  0.159 ] 

                      =  0.359  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        380.24 kN. 

                 Vuy               380.24 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuz =        243.21 kN. 

                 Vuz               243.21 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.22143e+000,  Lz   = 2.22143e+000,  Lb   = 2.22143e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1597.19             955.48             427.28 

           ---------------------------------------------------------------- 

            TOTAL            1597.19             955.48             427.28 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      955.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      427.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1597.19 

           -. -------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                955.48 

           -. --------  =  ---------------  =  0.339  <  1.000  --->  O.K. 

               phiMny             2819.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.18 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.18 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                427.28 

           -. --------  =  ---------------  =  0.122  <  1.000  --->  O.K. 

               phiMnz             3511.18 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.339  +  0.122 ] 

                      =  0.496  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        263.64 kN. 

                 Vuy               263.64 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        694.68 kN. 

                 Vuz               694.68 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.76695e-001,  Lz   = 8.76695e-001,  Lb   = 8.76695e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1663.69             955.52             426.71 

           ---------------------------------------------------------------- 

            TOTAL            1663.69             955.52             426.71 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      955.52 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      426.71 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.7  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      21631.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1663.69 

           -. -------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiPn            21631.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 486 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2714.02 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2714.02 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                955.52 

           -. --------  =  ---------------  =  0.352  <  1.000  --->  O.K. 

               phiMny             2714.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.64 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.64 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                426.71 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMnz             3288.64 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.038 + [  0.352  +  0.130 ] 

                      =  0.520  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        269.40 kN. 

                 Vuy               269.40 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        513.50 kN. 

                 Vuz               513.50 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28104e+000,  Lz   = 2.28104e+000,  Lb   = 2.28104e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2175.12      -815.19      -538.77      -415.30       -66.45 

           ------------------------------------------------------------------------------- 

            TOTAL           -2175.12      -815.19      -538.77      -415.30       -66.45 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2175.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1942 

              Pey    =  (Area*Fy)/Lambda^2       =   621241.50 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.04 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1460 

              Pez    =  (Area*Fy)/Lambda^2       =  1099388.64 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2175.12            -815.19            -415.30 

           ---------------------------------------------------------------- 

            TOTAL           -2175.12            -815.19            -415.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -815.19 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -415.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  621241.4968 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.281 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.6812e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  621241.4968 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          26.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23059.87 kN. 

           -. phiPn =  phi*Pn  =      20753.89 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2175.12 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20753.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                815.19 

           -. --------  =  ---------------  =  0.289  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                415.30 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMnz             3510.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.289  +  0.118 ] 

                      =  0.460  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        266.78 kN. 

                 Vuy               266.78 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        609.51 kN. 

                 Vuz               609.51 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.66752e-001,  Lz   = 9.66752e-001,  Lb   = 9.66752e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2213.40     -1169.82      -816.72      -675.79      -412.89 

           ------------------------------------------------------------------------------- 

            TOTAL           -2213.40     -1169.82      -816.72      -675.79      -412.89 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2213.40 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.23 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0823 

              Pey    =  (Area*Fy)/Lambda^2       =  3458555.19 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0619 

              Pez    =  (Area*Fy)/Lambda^2       =  6120480.23 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2213.40            -816.72            -412.89 

           ---------------------------------------------------------------- 

            TOTAL           -2213.40            -816.72            -412.89 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -816.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -412.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3458555.1934 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.967 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1628e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3458555.1934 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         147.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23360.40 kN. 

           -. phiPn =  phi*Pn  =      21024.36 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2213.40 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            21024.36 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.80 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                816.72 

           -. --------  =  ---------------  =  0.289  <  1.000  --->  O.K. 

               phiMny             2821.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                412.89 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMnz             3515.37 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.289  +  0.117 ] 

                      =  0.460  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        275.74 kN. 

                 Vuy               275.74 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        460.92 kN. 

                 Vuz               460.92 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78134e+000,  Lz   = 1.78134e+000,  Lb   = 1.78134e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1094.96      -396.07      -357.85      -530.58      -129.68 

           ------------------------------------------------------------------------------- 

            TOTAL           -1094.96      -396.07      -357.85      -530.58      -129.68 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1094.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.53 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979726.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1188 

              Pez    =  (Area*Fy)/Lambda^2       =  1612036.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1094.96            -396.07            -530.58 

           ---------------------------------------------------------------- 

            TOTAL           -1094.96            -396.07            -530.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -396.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -530.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979726.5968 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8565e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979726.5968 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.57 kN. 

           -. phiPn =  phi*Pn  =      20294.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1094.96 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                396.07 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                530.58 

           -. --------  =  ---------------  =  0.161  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.146  +  0.161 ] 

                      =  0.334  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        352.70 kN. 

                 Vuy               352.70 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        337.84 kN. 

                 Vuz               337.84 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04481e+000,  Lz   = 1.04481e+000,  Lb   = 1.04481e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1108.21      -609.98      -396.28      -896.70      -544.22 

           ------------------------------------------------------------------------------- 

            TOTAL           -1108.21      -609.98      -396.28      -896.70      -544.22 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1108.21 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847916.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685944.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1108.21            -396.28            -544.22 

           ---------------------------------------------------------------- 

            TOTAL           -1108.21            -396.28            -544.22 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -396.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -544.22 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847916.2617 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8651e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847916.2617 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.07 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1108.21 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                396.28 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                544.22 

           -. --------  =  ---------------  =  0.166  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.146  +  0.166 ] 

                      =  0.339  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        347.19 kN. 

                 Vuy               347.19 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        358.28 kN. 

                 Vuz               358.28 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78134e+000,  Lz   = 1.78134e+000,  Lb   = 1.78134e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1117.74             393.16             530.85 

           ---------------------------------------------------------------- 

            TOTAL            1117.74             393.16             530.85 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      393.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      530.85 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    11.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      21631.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1117.74 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            21631.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                393.16 

           -. --------  =  ---------------  =  0.145  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                530.85 

           -. --------  =  ---------------  =  0.162  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.145  +  0.162 ] 

                      =  0.332  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        385.07 kN. 

                 Vuy               385.07 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        244.82 kN. 

                 Vuz               244.82 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04541e+000,  Lz   = 1.04541e+000,  Lb   = 1.04541e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1131.76             393.18             540.89 

           ---------------------------------------------------------------- 

            TOTAL            1131.76             393.18             540.89 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      393.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      540.89 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.8  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      21631.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1131.76 

           -. -------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiPn            21631.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                393.18 

           -. --------  =  ---------------  =  0.145  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                540.89 

           -. --------  =  ---------------  =  0.164  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.145  +  0.164 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        379.76 kN. 

                 Vuy               379.76 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        275.41 kN. 

                 Vuz               275.41 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.17035e+000,  Lz   = 2.17035e+000,  Lb   = 2.17035e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1911.09      -691.01      -231.01      -234.54      -260.59 

           ------------------------------------------------------------------------------- 

            TOTAL           -1911.09      -691.01      -231.01      -234.54      -260.59 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1911.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1848 

              Pey    =  (Area*Fy)/Lambda^2       =   686220.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1389 

              Pez    =  (Area*Fy)/Lambda^2       =  1214380.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1911.09            -691.01            -234.54 

           ---------------------------------------------------------------- 

            TOTAL           -1911.09            -691.01            -234.54 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -691.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -234.54 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  686220.7441 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.170 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2754e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  686220.7441 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23094.36 kN. 

           -. phiPn =  phi*Pn  =      20784.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1911.09 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20784.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                691.01 

           -. --------  =  ---------------  =  0.245  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                234.54 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             3511.35 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.245  +  0.067 ] 

                      =  0.358  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        194.64 kN. 

                 Vuy               194.64 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        328.38 kN. 

                 Vuz               328.38 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.60778e-001,  Lz   = 8.60778e-001,  Lb   = 8.60778e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1926.09      -725.92      -691.03      -398.39      -231.87 

           ------------------------------------------------------------------------------- 

            TOTAL           -1926.09      -725.92      -691.03      -398.39      -231.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1926.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0733 

              Pey    =  (Area*Fy)/Lambda^2       =  4362572.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0551 

              Pez    =  (Area*Fy)/Lambda^2       =  7720287.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1926.09            -691.03            -231.87 

           ---------------------------------------------------------------- 

            TOTAL           -1926.09            -691.03            -231.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -691.03 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -231.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4362572.7210 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.861 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.9895e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4362572.7210 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         186.22 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23374.13 kN. 

           -. phiPn =  phi*Pn  =      21036.72 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1926.09 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21036.72 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                691.03 

           -. --------  =  ---------------  =  0.245  <  1.000  --->  O.K. 

               phiMny             2821.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.72 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.72 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.72 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                231.87 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiMnz             3515.72 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.046 + [  0.245  +  0.066 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        197.66 kN. 

                 Vuy               197.66 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        181.00 kN. 

                 Vuz               181.00 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23135e+000,  Lz   = 2.23135e+000,  Lb   = 2.23135e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2270.59      -682.16      -212.91      -167.67      -211.35 

           ------------------------------------------------------------------------------- 

            TOTAL           -2270.59      -682.16      -212.91      -167.67      -211.35 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2270.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1900 

              Pey    =  (Area*Fy)/Lambda^2       =   649218.46 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.80 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1428 

              Pez    =  (Area*Fy)/Lambda^2       =  1148898.46 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2270.59            -682.16            -167.67 

           ---------------------------------------------------------------- 

            TOTAL           -2270.59            -682.16            -167.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -682.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -167.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  649218.4573 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.231 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9370e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  649218.4573 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.71 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23075.56 kN. 

           -. phiPn =  phi*Pn  =      20768.01 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2270.59 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20768.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                682.16 

           -. --------  =  ---------------  =  0.242  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.14 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.14 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.14 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                167.67 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             3511.14 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.242  +  0.048 ] 

                      =  0.344  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        188.11 kN. 

                 Vuy               188.11 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        235.81 kN. 

                 Vuz               235.81 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 538 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 108141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.49568e-001,  Lz   = 9.49568e-001,  Lb   = 9.49568e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2285.13      -720.54      -681.50      -322.64      -170.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -2285.13      -720.54      -681.50      -322.64      -170.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2285.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.12 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0808 

              Pey    =  (Area*Fy)/Lambda^2       =  3584864.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.60 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0608 

              Pez    =  (Area*Fy)/Lambda^2       =  6344004.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2285.13            -681.50            -170.41 

           ---------------------------------------------------------------- 

            TOTAL           -2285.13            -681.50            -170.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -681.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -170.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3584864.1085 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.950 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2783e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3584864.1085 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         153.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23362.74 kN. 

           -. phiPn =  phi*Pn  =      21026.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2285.13 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            21026.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                681.50 

           -. --------  =  ---------------  =  0.242  <  1.000  --->  O.K. 

               phiMny             2821.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                170.41 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             3515.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.242  +  0.048 ] 

                      =  0.344  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        177.25 kN. 

                 Vuy               177.25 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        120.21 kN. 

                 Vuz               120.21 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78134e+000,  Lz   = 1.78134e+000,  Lb   = 1.78134e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 545 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2120.96      -460.44      -457.52      -227.14       -79.47 

           ------------------------------------------------------------------------------- 

            TOTAL           -2120.96      -460.44      -457.52      -227.14       -79.47 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2120.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.53 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979726.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1188 

              Pez    =  (Area*Fy)/Lambda^2       =  1612036.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2120.96            -460.44            -227.14 

           ---------------------------------------------------------------- 

            TOTAL           -2120.96            -460.44            -227.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -460.44 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -227.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979726.5968 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8565e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979726.5968 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.57 kN. 

           -. phiPn =  phi*Pn  =      20294.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2120.96 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20294.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                460.44 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                227.14 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.170  +  0.069 ] 

                      =  0.291  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        340.80 kN. 

                 Vuy               340.80 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        233.25 kN. 

                 Vuz               233.25 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04481e+000,  Lz   = 1.04481e+000,  Lb   = 1.04481e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2111.96      -313.57      -460.37      -415.74      -232.87 

           ------------------------------------------------------------------------------- 

            TOTAL           -2111.96      -313.57      -460.37      -415.74      -232.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2111.96 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2847916.26 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4685944.40 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2111.96            -460.37            -232.87 

           ---------------------------------------------------------------- 

            TOTAL           -2111.96            -460.37            -232.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -460.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -232.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2847916.2617 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8651e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2847916.2617 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.07 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.53 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2111.96 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20424.53 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                460.37 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                232.87 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.170  +  0.071 ] 

                      =  0.292  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        335.47 kN. 

                 Vuy               335.47 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        264.28 kN. 

                 Vuz               264.28 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78134e+000,  Lz   = 1.78134e+000,  Lb   = 1.78134e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1057.89      -338.64      -284.71      -471.05       -94.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -1057.89      -338.64      -284.71      -471.05       -94.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1057.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.53 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979726.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1188 

              Pez    =  (Area*Fy)/Lambda^2       =  1612036.29 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1057.89            -338.64            -471.05 

           ---------------------------------------------------------------- 

            TOTAL           -1057.89            -338.64            -471.05 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -338.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -471.05 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979726.5968 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8565e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979726.5968 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.57 kN. 

           -. phiPn =  phi*Pn  =      20294.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1057.89 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                338.64 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                471.05 

           -. --------  =  ---------------  =  0.143  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.125  +  0.143 ] 

                      =  0.294  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        338.54 kN. 

                 Vuy               338.54 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        344.99 kN. 

                 Vuz               344.99 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04541e+000,  Lz   = 1.04541e+000,  Lb   = 1.04541e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1061.23      -483.75      -338.62      -826.55      -481.55 

           ------------------------------------------------------------------------------- 

            TOTAL           -1061.23      -483.75      -338.62      -826.55      -481.55 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1061.23 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0895 

              Pey    =  (Area*Fy)/Lambda^2       =  2844661.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4680589.02 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1061.23            -338.62            -481.55 

           ---------------------------------------------------------------- 

            TOTAL           -1061.23            -338.62            -481.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -338.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -481.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2844661.4943 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8619e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2844661.4943 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.84 kN. 

           -. phiPn =  phi*Pn  =      20424.46 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1061.23 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.46 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                338.62 

           -. --------  =  ---------------  =  0.125  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                481.55 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.026 + [  0.125  +  0.146 ] 

                      =  0.297  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        333.16 kN. 

                 Vuy               333.16 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        358.79 kN. 

                 Vuz               358.79 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.22119e+000,  Lz   = 2.22119e+000,  Lb   = 2.22119e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1393.92             661.92             169.75 

           ---------------------------------------------------------------- 

            TOTAL            1393.92             661.92             169.75 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      661.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      169.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1393.92 

           -. -------  =  ---------------  =  0.063  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 570 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.92 

           -. --------  =  ---------------  =  0.235  <  1.000  --->  O.K. 

               phiMny             2819.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.18 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.18 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                169.75 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiMnz             3511.18 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.031 + [  0.235  +  0.048 ] 

                      =  0.314  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        159.44 kN. 

                 Vuy               159.44 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        313.21 kN. 

                 Vuz               313.21 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 572 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 108231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.76220e-001,  Lz   = 8.76220e-001,  Lb   = 8.76220e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1418.80             661.50             172.33 

           ---------------------------------------------------------------- 

            TOTAL            1418.80             661.50             172.33 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      661.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      172.33 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     5.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1418.80 

           -. -------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.50 

           -. --------  =  ---------------  =  0.234  <  1.000  --->  O.K. 

               phiMny             2821.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                172.33 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiMnz             3515.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.234  +  0.049 ] 

                      =  0.315  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        153.97 kN. 

                 Vuy               153.97 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        176.08 kN. 

                 Vuz               176.08 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28064e+000,  Lz   = 2.28064e+000,  Lb   = 2.28064e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2090.03      -660.94      -227.48      -147.27      -222.31 

           ------------------------------------------------------------------------------- 

            TOTAL           -2090.03      -660.94      -227.48      -147.27      -222.31 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2090.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1942 

              Pey    =  (Area*Fy)/Lambda^2       =   621458.28 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.04 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1460 

              Pez    =  (Area*Fy)/Lambda^2       =  1099772.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2090.03            -660.94            -147.27 

           ---------------------------------------------------------------- 

            TOTAL           -2090.03            -660.94            -147.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -660.94 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -147.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  621458.2792 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.281 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.6832e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  621458.2792 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          26.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23060.00 kN. 

           -. phiPn =  phi*Pn  =      20754.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2090.03 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20754.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                660.94 

           -. --------  =  ---------------  =  0.234  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                147.27 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiMnz             3510.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.234  +  0.042 ] 

                      =  0.327  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        154.97 kN. 

                 Vuy               154.97 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        220.74 kN. 

                 Vuz               220.74 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 108241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.66667e-001,  Lz   = 9.66667e-001,  Lb   = 9.66667e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2102.98      -701.35      -661.14      -244.74      -151.21 

           ------------------------------------------------------------------------------- 

            TOTAL           -2102.98      -701.35      -661.14      -244.74      -151.21 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2102.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.23 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0823 

              Pey    =  (Area*Fy)/Lambda^2       =  3459165.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0619 

              Pez    =  (Area*Fy)/Lambda^2       =  6121560.95 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2102.98            -661.14            -151.21 

           ---------------------------------------------------------------- 

            TOTAL           -2102.98            -661.14            -151.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -661.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -151.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3459165.8892 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.967 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1634e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3459165.8892 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         147.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23360.41 kN. 

           -. phiPn =  phi*Pn  =      21024.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2102.98 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            21024.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.80 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.14 

           -. --------  =  ---------------  =  0.234  <  1.000  --->  O.K. 

               phiMny             2821.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                151.21 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiMnz             3515.37 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.050 + [  0.234  +  0.043 ] 

                      =  0.327  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        154.78 kN. 

                 Vuy               154.78 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        114.62 kN. 

                 Vuz               114.62 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 588 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 109003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =    35 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Sup_c_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.634,  Flg Width   =      1.330,  Web Center  =      1.292 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.634,  Flg Width   =      1.330,  Web Center  =      1.292 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 1.43850e-001,  Asy  = 1.01346e-001,  Asz  = 4.83108e-002 

         Ybar = 6.65000e-001,  Zbar = 3.17000e-001,  Qyb  = 2.37029e-001,  Qzb  = 4.01268e-001 

         Syy  = 3.18967e-002,  Szz  = 4.91419e-002,  Zyy  = 3.61233e-002,  Zzz  = 6.11532e-002 

         Iyy  = 1.01112e-002,  Izz  = 3.26794e-002,  Iyz  = 0.00000e+000 

         ry   = 2.65123e-001,  rz   = 4.76630e-001 

        <Pos I>. 

         Area = 1.43850e-001,  Asy  = 1.01346e-001,  Asz  = 4.83108e-002 

         Ybar = 6.65000e-001,  Zbar = 3.17000e-001,  Qyb  = 2.37029e-001,  Qzb  = 4.01268e-001 

         Syy  = 3.18967e-002,  Szz  = 4.91419e-002,  Zyy  = 3.61233e-002,  Zzz  = 6.11532e-002 

         Iyy  = 1.01112e-002,  Izz  = 3.26794e-002,  Iyz  = 0.00000e+000 

         ry   = 2.65123e-001,  rz   = 4.76630e-001 

        <Pos J>. 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.72000e-001,  Lz   = 1.72000e-001,  Lb   = 1.72000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       650.25            1076.91            1220.26 

           ---------------------------------------------------------------- 

            TOTAL             650.25            1076.91            1220.26 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1076.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     1220.26 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     0.6  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      47111.15 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                650.25 

           -. -------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiPn            47111.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      10995.52 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      10995.52 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1076.91 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiMny            10995.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =      16939.10 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =      16939.10 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =      16939.10 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1220.26 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz            16939.10 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.007 + [  0.098  +  0.072 ] 

                      =  0.177  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      20263.93 kN. 

           -. Vny =  C*Vp  =      20263.93 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuy =       1115.13 kN. 

                 Vuy              1115.13 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVny            20263.93 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       9461.58 kN. 

           -. Vnz =  C*Vp  =       9461.58 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        698.32 kN. 

                 Vuz               698.32 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiVnz             9461.58 
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      *. PROJECT     :  

      *. MEMBER NO   = 109010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78205e+000,  Lz   = 1.78205e+000,  Lb   = 1.78205e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1940.16      -218.67      -459.12      -329.67      -479.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -1940.16      -218.67      -459.12      -329.67      -479.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1940.16 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834232.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1011762.33 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1940.16            -459.12            -479.58 

           ---------------------------------------------------------------- 

            TOTAL           -1940.16            -459.12            -479.58 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -459.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -479.58 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834232.8212 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2334e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834232.8212 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.73 kN. 

           -. phiPn =  phi*Pn  =      18108.66 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1940.16 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            18108.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                459.12 

           -. --------  =  ---------------  =  0.199  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                479.58 

           -. --------  =  ---------------  =  0.193  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.199  +  0.193 ] 

                      =  0.445  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        107.76 kN. 

                 Vuy               107.76 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        268.42 kN. 

                 Vuz               268.42 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 109011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04452e+000,  Lz   = 1.04452e+000,  Lb   = 1.04452e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1914.93      -328.92      -218.54      -291.30      -350.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -1914.93      -328.92      -218.54      -291.30      -350.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1914.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2849466.78 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4688495.61 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1914.93            -218.54            -350.56 

           ---------------------------------------------------------------- 

            TOTAL           -1914.93            -218.54            -350.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -218.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -350.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2849466.7802 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8667e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2849466.7802 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.97 kN. 

           -. phiPn =  phi*Pn  =      20424.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1914.93 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20424.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                218.54 

           -. --------  =  ---------------  =  0.081  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                350.56 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.081  +  0.107 ] 

                      =  0.234  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        110.14 kN. 

                 Vuy               110.14 

           -. --------  =  ---------------  =  0.013  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        423.80 kN. 

                 Vuz               423.80 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 109020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78138e+000,  Lz   = 1.78138e+000,  Lb   = 1.78138e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1761.62      -308.01      -359.80      -395.01      -516.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -1761.62      -308.01      -359.80      -395.01      -516.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1761.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1560 

              Pey    =  (Area*Fy)/Lambda^2       =   834859.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012522.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1761.62            -359.80            -516.43 

           ---------------------------------------------------------------- 

            TOTAL           -1761.62            -359.80            -516.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -359.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -516.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834859.8168 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2343e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834859.8168 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.07 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.88 kN. 

           -. phiPn =  phi*Pn  =      18108.79 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1761.62 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            18108.79 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                359.80 

           -. --------  =  ---------------  =  0.156  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                516.43 

           -. --------  =  ---------------  =  0.207  <  1.000  --->  O.K. 

               phiMnz             2490.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.156  +  0.207 ] 

                      =  0.412  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =         96.45 kN. 

                 Vuy                96.45 

           -. --------  =  ---------------  =  0.014  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        248.68 kN. 

                 Vuz               248.68 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 109021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04531e+000,  Lz   = 1.04531e+000,  Lb   = 1.04531e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1748.80      -225.73      -307.93      -352.75      -419.20 

           ------------------------------------------------------------------------------- 

            TOTAL           -1748.80      -225.73      -307.93      -352.75      -419.20 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1748.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0895 

              Pey    =  (Area*Fy)/Lambda^2       =  2845163.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4681415.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1748.80            -307.93            -419.20 

           ---------------------------------------------------------------- 

            TOTAL           -1748.80            -307.93            -419.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -307.93 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -419.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2845163.9466 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8624e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2845163.9466 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.85 kN. 

           -. phiPn =  phi*Pn  =      20424.47 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1748.80 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20424.47 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                307.93 

           -. --------  =  ---------------  =  0.113  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                419.20 

           -. --------  =  ---------------  =  0.127  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.113  +  0.127 ] 

                      =  0.284  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        101.28 kN. 

                 Vuy               101.28 

           -. --------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        368.87 kN. 

                 Vuz               368.87 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 616 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 109030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =    73 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Vert_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.621,  Flg Width   =      0.621,  Web Center  =      0.583 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

        <Pos I>. 

         Area = 8.88340e-002,  Asy  = 4.73202e-002,  Asz  = 4.73202e-002 

         Ybar = 3.10500e-001,  Zbar = 3.10500e-001,  Qyb  = 1.27596e-001,  Qzb  = 1.27596e-001 

         Syy  = 1.62707e-002,  Szz  = 1.62707e-002,  Zyy  = 1.94456e-002,  Zzz  = 1.94456e-002 

         Iyy  = 5.05205e-003,  Izz  = 5.05205e-003,  Iyz  = 0.00000e+000 

         ry   = 2.38476e-001,  rz   = 2.38476e-001 

        <Pos J>. 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.27800e+000,  Lz   = 2.27800e+000,  Lb   = 2.27800e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       247.03            1665.14             104.45 

           ---------------------------------------------------------------- 

            TOTAL             247.03            1665.14             104.45 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     1665.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      104.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    13.5  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      20558.41 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                247.03 

           -. -------  =  ---------------  =  0.012  <  1.000  --->  O.K. 

               phiPn            20558.41 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1665.14 

           -. --------  =  ---------------  =  0.608  <  1.000  --->  O.K. 

               phiMny             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2738.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                104.45 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiMnz             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.006 + [  0.608  +  0.038 ] 

                      =  0.652  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        356.89 kN. 

                 Vuy               356.89 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6856.22 kN. 

           -. Vnz =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        524.95 kN. 

                 Vuz               524.95 

           -. --------  =  ---------------  =  0.077  <  1.000  --->  O.K. 

               phiVnz             6856.22 
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       +============================================================+ 
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       +============================================================+ 
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       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *. DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

                +    PL01i-int_( 4.300) +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) 

                +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

                +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

                +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

                +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

                +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

                +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

                +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

                +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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                +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

                +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

                +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

                +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

                +    PL01i-int_( 7.190) +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) 

                +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

                +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

                +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

                +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

                +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

                +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

                +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

                +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

                +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

                +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

                +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

                +    PL10i-int_( 7.190) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +     PL02d-ext( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

                +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

                +     PL02d-ext( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

                +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

                +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

                +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

                +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

                +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

                +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

                +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

                +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

                +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

                +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

                +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

                +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

                +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

                +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

                +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

                +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

                +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

                +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

                +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

                +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

                +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

                +     PL02d-ext( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

                +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

                +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

                +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

                +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

                +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

                +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

                +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

                +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

                +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

                +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

                +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

                +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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                +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

                +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

                +     PL02d-ext( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

                +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

                +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

                +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

                +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

                +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

                +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

                +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

                +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

                +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

                +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

                +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

-------------------------------------------------------------------------------------- 
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      *. PROJECT     :  

      *. MEMBER NO   = 101003,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    35 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_R_Sup_c_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.634,  Flg Width   =      1.330,  Web Center  =      1.292 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.621,  Flg Width   =      1.430,  Web Center  =      1.392 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

        <Pos I>. 

         Area = 1.43850e-001,  Asy  = 1.01346e-001,  Asz  = 4.83108e-002 

         Ybar = 6.65000e-001,  Zbar = 3.17000e-001,  Qyb  = 2.37029e-001,  Qzb  = 4.01268e-001 

         Syy  = 3.18967e-002,  Szz  = 4.91419e-002,  Zyy  = 3.61233e-002,  Zzz  = 6.11532e-002 

         Iyy  = 1.01112e-002,  Izz  = 3.26794e-002,  Iyz  = 0.00000e+000 

         ry   = 2.65123e-001,  rz   = 4.76630e-001 

        <Pos J>. 

         Area = 1.50480e-001,  Asy  = 1.08966e-001,  Asz  = 4.73202e-002 

         Ybar = 7.15000e-001,  Zbar = 3.10500e-001,  Qyb  = 2.45488e-001,  Qzb  = 4.45189e-001 

         Syy  = 3.31591e-002,  Szz  = 5.40990e-002,  Zyy  = 3.74123e-002,  Zzz  = 6.78468e-002 

         Iyy  = 1.02959e-002,  Izz  = 3.86808e-002,  Iyz  = 0.00000e+000 

         ry   = 2.61573e-001,  rz   = 5.07001e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.72000e-001,  Lz   = 1.72000e-001,  Lb   = 1.72000e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2754.28     -1201.58     -1356.82      -891.49      -834.27 

           ------------------------------------------------------------------------------- 

            TOTAL           -2754.28     -1201.58     -1356.82      -891.49      -834.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2754.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        0.66 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0087 

              Pey    =  (Area*Fy)/Lambda^2       =686789804.23 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        0.34 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0045 

              Pez    =  (Area*Fy)/Lambda^2       =   2.58e+009 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2754.28           -1356.82            -834.27 

           ---------------------------------------------------------------- 

            TOTAL           -2754.28           -1356.82            -834.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -1356.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -834.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     0.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    1.35 m. 

           -. DTRf  =  Dflg/tf   =   35.53  >  Lambda_r  --->  SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.54 m. 

           -. DTRw  =  Dweb/tw   =   14.30  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate effective depth of stiffened flange (Bef). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Bef1  =  (1.40*tw)/SQRT[Es/f]  =   1.285 m. 

                        1.92*tw     [           0.38        ] 

           -. Bef2  =  ---------- * [ 1 - ----------------- ]  =   1.308 m. 

                       SQRT[f/Es]   [     (DTRf)*SQRT[f/Es] ] 

           -. Bef   =  MAX(Bef1,Bef2)  =   1.308 m. 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.147 m^2. 

           -. Qa1 =  A_eff/Area  =   0.977  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 
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      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.54 m. 

           -. DTRf  =  Dflg/tw   =   14.30  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  Cw - tw   =    1.35 m. 

           -. DTRw  =  Dweb/tf   =   35.53  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.150 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Define reduction factor of stiffened elements (Qa). 

           -. Qa  =  MIN[ Qa1, Qa2 ]  =   0.977 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   0.977 

 

           -. Po  =  Q*Fy*Area  =  50672.7608 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  6.8679e+008 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.172 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.0495e+039 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  6.8679e+008 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =       13553.43 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       50671.20 kN. 

           -. phiPn =  phi*Pn  =      45604.08 kN. 
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      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2754.28 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            45604.08 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =      11430.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =      11430.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               1356.82 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMny            11430.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =      18647.65 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =      18647.65 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =      18647.65 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                834.27 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz            18647.65 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 
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                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.030 + [  0.119  +  0.045 ] 

                      =  0.194  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      20263.93 kN. 

           -. Vny =  C*Vp  =      20263.93 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuy =        636.16 kN. 

                 Vuy               636.16 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny            20263.93 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       9461.58 kN. 

           -. Vnz =  C*Vp  =       9461.58 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        903.01 kN. 

                 Vuz               903.01 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiVnz             9461.58 
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      *. PROJECT     :  

      *. MEMBER NO   = 101010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78221e+000,  Lz   = 1.78221e+000,  Lb   = 1.78221e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2218.50      -256.38      -485.30      -469.68      -652.29 

           ------------------------------------------------------------------------------- 

            TOTAL           -2218.50      -256.38      -485.30      -469.68      -652.29 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2218.50 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834081.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011579.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2218.50            -485.30            -652.29 

           ---------------------------------------------------------------- 

            TOTAL           -2218.50            -485.30            -652.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -485.30 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -652.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834081.7996 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2332e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834081.7996 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.69 kN. 

           -. phiPn =  phi*Pn  =      18108.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2218.50 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            18108.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                485.30 

           -. --------  =  ---------------  =  0.210  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                652.29 

           -. --------  =  ---------------  =  0.262  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.061 + [  0.210  +  0.262 ] 

                      =  0.533  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 636 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        122.50 kN. 

                 Vuy               122.50 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        207.49 kN. 

                 Vuz               207.49 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04472e+000,  Lz   = 1.04472e+000,  Lb   = 1.04472e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2194.65      -260.10      -256.14      -400.69      -500.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -2194.65      -260.10      -256.14      -400.69      -500.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2194.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848414.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686764.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2194.65            -256.14            -500.56 

           ---------------------------------------------------------------- 

            TOTAL           -2194.65            -256.14            -500.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -256.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -500.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848414.6450 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8656e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848414.6450 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.94 kN. 

           -. phiPn =  phi*Pn  =      20424.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2194.65 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20424.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 641 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                256.14 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                500.56 

           -. --------  =  ---------------  =  0.152  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.094  +  0.152 ] 

                      =  0.300  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        127.67 kN. 

                 Vuy               127.67 

           -. --------  =  ---------------  =  0.015  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        421.17 kN. 

                 Vuz               421.17 

           -. --------  =  ---------------  =  0.069  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78221e+000,  Lz   = 1.78221e+000,  Lb   = 1.78221e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2127.58      -314.16      -425.33      -381.02      -588.67 

           ------------------------------------------------------------------------------- 

            TOTAL           -2127.58      -314.16      -425.33      -381.02      -588.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2127.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834081.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011579.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2127.58            -425.33            -588.67 

           ---------------------------------------------------------------- 

            TOTAL           -2127.58            -425.33            -588.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -425.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -588.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834081.7996 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2332e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834081.7996 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.69 kN. 

           -. phiPn =  phi*Pn  =      18108.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2127.58 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            18108.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                425.33 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                588.67 

           -. --------  =  ---------------  =  0.236  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.059 + [  0.184  +  0.236 ] 

                      =  0.479  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        136.61 kN. 

                 Vuy               136.61 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        192.23 kN. 

                 Vuz               192.23 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04472e+000,  Lz   = 1.04472e+000,  Lb   = 1.04472e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2111.81      -154.93      -314.40      -298.59      -408.87 

           ------------------------------------------------------------------------------- 

            TOTAL           -2111.81      -154.93      -314.40      -298.59      -408.87 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2111.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848414.64 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686764.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2111.81            -314.40            -408.87 

           ---------------------------------------------------------------- 

            TOTAL           -2111.81            -314.40            -408.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -314.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -408.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848414.6450 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8656e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848414.6450 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.94 kN. 

           -. phiPn =  phi*Pn  =      20424.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2111.81 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            20424.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                314.40 

           -. --------  =  ---------------  =  0.116  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                408.87 

           -. --------  =  ---------------  =  0.124  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.052 + [  0.116  +  0.124 ] 

                      =  0.292  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        140.96 kN. 

                 Vuy               140.96 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        344.58 kN. 

                 Vuz               344.58 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 101030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    73 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Vert_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.621,  Flg Width   =      0.621,  Web Center  =      0.583 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.450,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

        <Pos I>. 

         Area = 8.88340e-002,  Asy  = 4.73202e-002,  Asz  = 4.73202e-002 

         Ybar = 3.10500e-001,  Zbar = 3.10500e-001,  Qyb  = 1.27596e-001,  Qzb  = 1.27596e-001 

         Syy  = 1.62707e-002,  Szz  = 1.62707e-002,  Zyy  = 1.94456e-002,  Zzz  = 1.94456e-002 

         Iyy  = 5.05205e-003,  Izz  = 5.05205e-003,  Iyz  = 0.00000e+000 

         ry   = 2.38476e-001,  rz   = 2.38476e-001 

        <Pos J>. 

         Area = 6.27736e-002,  Asy  = 3.42900e-002,  Asz  = 3.42900e-002 

         Ybar = 2.25000e-001,  Zbar = 2.25000e-001,  Qyb  = 6.38046e-002,  Qzb  = 6.38046e-002 

         Syy  = 7.95658e-003,  Szz  = 7.95658e-003,  Zyy  = 9.72381e-003,  Zzz  = 9.72381e-003 

         Iyy  = 1.79023e-003,  Izz  = 1.79023e-003,  Iyz  = 0.00000e+000 

         ry   = 1.68875e-001,  rz   = 1.68875e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.27800e+000,  Lz   = 2.27800e+000,  Lb   = 2.27800e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -767.18      -535.22     -2036.34      -314.88       -77.72 

           ------------------------------------------------------------------------------- 

            TOTAL            -767.18      -535.22     -2036.34      -314.88       -77.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      767.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1783 

              Pey    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       13.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1783 

              Pez    =  (Area*Fy)/Lambda^2       =   680798.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -767.18           -2036.34             -77.72 

           ---------------------------------------------------------------- 

            TOTAL            -767.18           -2036.34             -77.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2036.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -77.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.37 m. 

           -. DTRw  =  Dweb/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.37 m. 

           -. DTRf  =  Dflg/tw   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.063 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  21640.4298 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  680798.3498 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.278 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.6673e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  680798.3498 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          31.46 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       21354.42 kN. 

           -. phiPn =  phi*Pn  =      19218.98 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                767.18 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            19218.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2036.34 

           -. --------  =  ---------------  =  0.744  <  1.000  --->  O.K. 

               phiMny             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2738.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2738.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2738.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 77.72 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiMnz             2738.15 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.744  +  0.028 ] 

                      =  0.792  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 660 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        258.89 kN. 

                 Vuy               258.89 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6856.22 kN. 

           -. Vnz =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        659.07 kN. 

                 Vuz               659.07 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiVnz             6856.22 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 661 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 102110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78195e+000,  Lz   = 1.78195e+000,  Lb   = 1.78195e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1118.59      -401.41      -327.55      -556.44       -80.10 

           ------------------------------------------------------------------------------- 

            TOTAL           -1118.59      -401.41      -327.55      -556.44       -80.10 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1118.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979056.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610933.63 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1118.59            -401.41            -556.44 

           ---------------------------------------------------------------- 

            TOTAL           -1118.59            -401.41            -556.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -401.41 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -556.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979056.4466 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979056.4466 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1118.59 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 665 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                401.41 

           -. --------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                556.44 

           -. --------  =  ---------------  =  0.169  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.148  +  0.169 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        365.79 kN. 

                 Vuy               365.79 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        306.98 kN. 

                 Vuz               306.98 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04468e+000,  Lz   = 1.04468e+000,  Lb   = 1.04468e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1138.99      -597.64      -402.12      -942.16      -570.14 

           ------------------------------------------------------------------------------- 

            TOTAL           -1138.99      -597.64      -402.12      -942.16      -570.14 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1138.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848633.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687125.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1138.99            -402.12            -570.14 

           ---------------------------------------------------------------- 

            TOTAL           -1138.99            -402.12            -570.14 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -402.12 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -570.14 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 670 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848633.8845 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8658e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848633.8845 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.95 kN. 

           -. phiPn =  phi*Pn  =      20424.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1138.99 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20424.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                402.12 

           -. --------  =  ---------------  =  0.148  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                570.14 

           -. --------  =  ---------------  =  0.173  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.148  +  0.173 ] 

                      =  0.349  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        361.31 kN. 

                 Vuy               361.31 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        299.98 kN. 

                 Vuz               299.98 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78195e+000,  Lz   = 1.78195e+000,  Lb   = 1.78195e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1615.17      -353.69      -265.93      -572.19      -150.02 

           ------------------------------------------------------------------------------- 

            TOTAL           -1615.17      -353.69      -265.93      -572.19      -150.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1615.17 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979056.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610933.63 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1615.17            -353.69            -572.19 

           ---------------------------------------------------------------- 

            TOTAL           -1615.17            -353.69            -572.19 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -353.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -572.19 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979056.4466 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979056.4466 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1615.17 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                353.69 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                572.19 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.130  +  0.174 ] 

                      =  0.344  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        413.20 kN. 

                 Vuy               413.20 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        252.40 kN. 

                 Vuz               252.40 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 679 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 102121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04468e+000,  Lz   = 1.04468e+000,  Lb   = 1.04468e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1614.04      -324.63      -354.29     -1008.38      -583.95 

           ------------------------------------------------------------------------------- 

            TOTAL           -1614.04      -324.63      -354.29     -1008.38      -583.95 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1614.04 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848633.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687125.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1614.04            -354.29            -583.95 

           ---------------------------------------------------------------- 

            TOTAL           -1614.04            -354.29            -583.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -354.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -583.95 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848633.8845 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8658e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848633.8845 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.95 kN. 

           -. phiPn =  phi*Pn  =      20424.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1614.04 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20424.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                354.29 

           -. --------  =  ---------------  =  0.131  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                583.95 

           -. --------  =  ---------------  =  0.178  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.131  +  0.178 ] 

                      =  0.348  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        408.03 kN. 

                 Vuy               408.03 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        233.98 kN. 

                 Vuz               233.98 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.17083e+000,  Lz   = 2.17083e+000,  Lb   = 2.17083e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2282.44      -781.98      -211.57      -198.95      -231.58 

           ------------------------------------------------------------------------------- 

            TOTAL           -2282.44      -781.98      -211.57      -198.95      -231.58 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2282.44 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1848 

              Pey    =  (Area*Fy)/Lambda^2       =   685919.90 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1389 

              Pez    =  (Area*Fy)/Lambda^2       =  1213847.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2282.44            -781.98            -198.95 

           ---------------------------------------------------------------- 

            TOTAL           -2282.44            -781.98            -198.95 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -781.98 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -198.95 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  685919.8993 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.171 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2727e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  685919.8993 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.28 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23094.22 kN. 

           -. phiPn =  phi*Pn  =      20784.80 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2282.44 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20784.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                781.98 

           -. --------  =  ---------------  =  0.277  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                198.95 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiMnz             3511.35 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.277  +  0.057 ] 

                      =  0.389  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        191.32 kN. 

                 Vuy               191.32 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        279.37 kN. 

                 Vuz               279.37 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.60668e-001,  Lz   = 8.60668e-001,  Lb   = 8.60668e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2301.94      -799.79      -781.59      -354.19      -202.78 

           ------------------------------------------------------------------------------- 

            TOTAL           -2301.94      -799.79      -781.59      -354.19      -202.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2301.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0733 

              Pey    =  (Area*Fy)/Lambda^2       =  4363685.82 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0551 

              Pez    =  (Area*Fy)/Lambda^2       =  7722257.20 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2301.94            -781.59            -202.78 

           ---------------------------------------------------------------- 

            TOTAL           -2301.94            -781.59            -202.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -781.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -202.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 694 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4363685.8175 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.861 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.9905e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4363685.8175 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         186.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23374.14 kN. 

           -. phiPn =  phi*Pn  =      21036.73 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2301.94 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            21036.73 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                781.59 

           -. --------  =  ---------------  =  0.277  <  1.000  --->  O.K. 

               phiMny             2821.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.72 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.72 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.72 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                202.78 

           -. --------  =  ---------------  =  0.058  <  1.000  --->  O.K. 

               phiMnz             3515.72 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.277  +  0.058 ] 

                      =  0.389  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        182.89 kN. 

                 Vuy               182.89 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        124.94 kN. 

                 Vuz               124.94 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23129e+000,  Lz   = 2.23129e+000,  Lb   = 2.23129e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1977.70             740.39             236.55 

           ---------------------------------------------------------------- 

            TOTAL            1977.70             740.39             236.55 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      740.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      236.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    14.4  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1977.70 

           -. -------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                740.39 

           -. --------  =  ---------------  =  0.263  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.55 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             3511.15 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.263  +  0.067 ] 

                      =  0.374  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        197.02 kN. 

                 Vuy               197.02 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        289.09 kN. 

                 Vuz               289.09 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.49508e-001,  Lz   = 9.49508e-001,  Lb   = 9.49508e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      1994.45             740.95             234.44 

           ---------------------------------------------------------------- 

            TOTAL            1994.45             740.95             234.44 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =      740.95 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      234.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =     6.1  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      22255.39 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1994.45 

           -. -------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiPn            22255.39 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                740.95 

           -. --------  =  ---------------  =  0.263  <  1.000  --->  O.K. 

               phiMny             2821.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                234.44 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             3515.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.045 + [  0.263  +  0.067 ] 

                      =  0.374  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        200.66 kN. 

                 Vuy               200.66 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        169.10 kN. 

                 Vuz               169.10 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78212e+000,  Lz   = 1.78212e+000,  Lb   = 1.78212e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1423.76      -308.29      -288.15      -547.52      -162.82 

           ------------------------------------------------------------------------------- 

            TOTAL           -1423.76      -308.29      -288.15      -547.52      -162.82 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1423.76 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978876.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610637.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1423.76            -308.29            -547.52 

           ---------------------------------------------------------------- 

            TOTAL           -1423.76            -308.29            -547.52 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -308.29 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -547.52 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978876.7235 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8479e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978876.7235 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.38 kN. 

           -. phiPn =  phi*Pn  =      20294.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1423.76 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20294.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                308.29 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                547.52 

           -. --------  =  ---------------  =  0.167  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.114  +  0.167 ] 

                      =  0.315  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        406.90 kN. 

                 Vuy               406.90 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        252.42 kN. 

                 Vuz               252.42 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04453e+000,  Lz   = 1.04453e+000,  Lb   = 1.04453e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1423.19      -299.99      -308.59      -955.54      -560.44 

           ------------------------------------------------------------------------------- 

            TOTAL           -1423.19      -299.99      -308.59      -955.54      -560.44 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1423.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2849419.77 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4688418.26 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1423.19            -308.59            -560.44 

           ---------------------------------------------------------------- 

            TOTAL           -1423.19            -308.59            -560.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -308.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -560.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2849419.7700 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8666e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2849419.7700 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.14 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.97 kN. 

           -. phiPn =  phi*Pn  =      20424.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1423.19 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20424.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                308.59 

           -. --------  =  ---------------  =  0.114  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                560.44 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.114  +  0.170 ] 

                      =  0.319  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        401.50 kN. 

                 Vuy               401.50 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        228.26 kN. 

                 Vuz               228.26 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78212e+000,  Lz   = 1.78212e+000,  Lb   = 1.78212e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1114.97      -377.73      -305.33      -596.43      -109.55 

           ------------------------------------------------------------------------------- 

            TOTAL           -1114.97      -377.73      -305.33      -596.43      -109.55 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1114.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978876.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610637.91 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1114.97            -377.73            -596.43 

           ---------------------------------------------------------------- 

            TOTAL           -1114.97            -377.73            -596.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -377.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -596.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978876.7235 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8479e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978876.7235 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.38 kN. 

           -. phiPn =  phi*Pn  =      20294.45 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1114.97 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.45 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                377.73 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                596.43 

           -. --------  =  ---------------  =  0.182  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.027 + [  0.139  +  0.182 ] 

                      =  0.348  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        381.02 kN. 

                 Vuy               381.02 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        289.83 kN. 

                 Vuz               289.83 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04468e+000,  Lz   = 1.04468e+000,  Lb   = 1.04468e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1133.58      -545.52      -377.38     -1004.16      -612.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -1133.58      -545.52      -377.38     -1004.16      -612.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1133.58 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848633.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687125.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1133.58            -377.38            -612.38 

           ---------------------------------------------------------------- 

            TOTAL           -1133.58            -377.38            -612.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -377.38 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -612.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848633.8845 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8658e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848633.8845 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.95 kN. 

           -. phiPn =  phi*Pn  =      20424.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1133.58 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20424.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                377.38 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                612.38 

           -. --------  =  ---------------  =  0.186  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.028 + [  0.139  +  0.186 ] 

                      =  0.353  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        375.13 kN. 

                 Vuy               375.13 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        301.64 kN. 

                 Vuz               301.64 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.22093e+000,  Lz   = 2.22093e+000,  Lb   = 2.22093e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2276.18      -795.62      -233.10      -130.13      -255.61 

           ------------------------------------------------------------------------------- 

            TOTAL           -2276.18      -795.62      -233.10      -130.13      -255.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2276.18 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.31 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1891 

              Pey    =  (Area*Fy)/Lambda^2       =   655322.19 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.75 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1421 

              Pez    =  (Area*Fy)/Lambda^2       =  1159700.00 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2276.18            -795.62            -130.13 

           ---------------------------------------------------------------- 

            TOTAL           -2276.18            -795.62            -130.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -795.62 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -130.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  655322.1850 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.221 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9929e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  655322.1850 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23078.81 kN. 

           -. phiPn =  phi*Pn  =      20770.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2276.18 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20770.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.78 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.78 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                795.62 

           -. --------  =  ---------------  =  0.282  <  1.000  --->  O.K. 

               phiMny             2819.78 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.18 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.18 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.18 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                130.13 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             3511.18 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.282  +  0.037 ] 

                      =  0.374  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        167.89 kN. 

                 Vuy               167.89 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    I ) 

           -. Applied shear force : Vuz =        270.67 kN. 

                 Vuz               270.67 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.76225e-001,  Lz   = 8.76225e-001,  Lb   = 8.76225e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2293.95      -807.48      -795.69      -247.67      -129.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -2293.95      -807.48      -795.69      -247.67      -129.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2293.95 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.64 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0746 

              Pey    =  (Area*Fy)/Lambda^2       =  4210109.88 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.24 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0561 

              Pez    =  (Area*Fy)/Lambda^2       =  7450479.41 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2293.95            -795.69            -129.77 

           ---------------------------------------------------------------- 

            TOTAL           -2293.95            -795.69            -129.77 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -795.69 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -129.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.6  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4210109.8756 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.876 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.8501e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4210109.8756 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         179.71 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23372.23 kN. 

           -. phiPn =  phi*Pn  =      21035.00 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2293.95 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            21035.00 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                795.69 

           -. --------  =  ---------------  =  0.282  <  1.000  --->  O.K. 

               phiMny             2821.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.67 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.67 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.67 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                129.77 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiMnz             3515.67 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.055 + [  0.282  +  0.037 ] 

                      =  0.373  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        172.91 kN. 

                 Vuy               172.91 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        124.43 kN. 

                 Vuz               124.43 

           -. --------  =  ---------------  =  0.020  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28107e+000,  Lz   = 2.28107e+000,  Lb   = 2.28107e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2402.94      -740.99      -286.70      -207.43      -244.33 

           ------------------------------------------------------------------------------- 

            TOTAL           -2402.94      -740.99      -286.70      -207.43      -244.33 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2402.94 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1942 

              Pey    =  (Area*Fy)/Lambda^2       =   621221.92 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.04 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1460 

              Pez    =  (Area*Fy)/Lambda^2       =  1099353.99 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2402.94            -740.99            -207.43 

           ---------------------------------------------------------------- 

            TOTAL           -2402.94            -740.99            -207.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -740.99 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -207.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  621221.9162 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.281 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.6810e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  621221.9162 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          26.52 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23059.86 kN. 

           -. phiPn =  phi*Pn  =      20753.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2402.94 

           -. -------  =  ---------------  =          0.12  <  1.000  --->  O.K. 

               phiPn            20753.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 745 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                740.99 

           -. --------  =  ---------------  =  0.263  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                207.43 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiMnz             3510.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.058 + [  0.263  +  0.059 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        168.11 kN. 

                 Vuy               168.11 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        297.91 kN. 

                 Vuz               297.91 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 102241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.66450e-001,  Lz   = 9.66450e-001,  Lb   = 9.66450e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2415.13      -769.53      -740.92      -361.44      -210.07 

           ------------------------------------------------------------------------------- 

            TOTAL           -2415.13      -769.53      -740.92      -361.44      -210.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2415.13 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.22 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0823 

              Pey    =  (Area*Fy)/Lambda^2       =  3460721.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0618 

              Pez    =  (Area*Fy)/Lambda^2       =  6124313.61 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2415.13            -740.92            -210.07 

           ---------------------------------------------------------------- 

            TOTAL           -2415.13            -740.92            -210.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -740.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -210.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3460721.3611 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.966 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1648e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3460721.3611 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         147.73 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23360.44 kN. 

           -. phiPn =  phi*Pn  =      21024.40 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2415.13 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            21024.40 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 751 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.80 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                740.92 

           -. --------  =  ---------------  =  0.263  <  1.000  --->  O.K. 

               phiMny             2821.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                210.07 

           -. --------  =  ---------------  =  0.060  <  1.000  --->  O.K. 

               phiMnz             3515.37 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.057 + [  0.263  +  0.060 ] 

                      =  0.380  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        161.56 kN. 

                 Vuy               161.56 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        171.87 kN. 

                 Vuz               171.87 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78196e+000,  Lz   = 1.78196e+000,  Lb   = 1.78196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -950.72      -351.43      -303.33      -436.51      -127.02 

           ------------------------------------------------------------------------------- 

            TOTAL            -950.72      -351.43      -303.33      -436.51      -127.02 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      950.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979052.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610927.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -950.72            -351.43            -436.51 

           ---------------------------------------------------------------- 

            TOTAL            -950.72            -351.43            -436.51 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -351.43 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -436.51 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979052.4384 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979052.4384 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                950.72 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                351.43 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                436.51 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.130  +  0.133 ] 

                      =  0.286  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        315.80 kN. 

                 Vuy               315.80 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        369.58 kN. 

                 Vuz               369.58 

           -. --------  =  ---------------  =  0.061  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04462e+000,  Lz   = 1.04462e+000,  Lb   = 1.04462e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -961.09      -538.78      -351.53      -740.23      -447.36 

           ------------------------------------------------------------------------------- 

            TOTAL            -961.09      -538.78      -351.53      -740.23      -447.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      961.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848965.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687670.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -961.09            -351.53            -447.36 

           ---------------------------------------------------------------- 

            TOTAL            -961.09            -351.53            -447.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -351.53 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -447.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848965.4179 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8662e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848965.4179 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.12 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.96 kN. 

           -. phiPn =  phi*Pn  =      20424.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                961.09 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 763 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                351.53 

           -. --------  =  ---------------  =  0.130  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                447.36 

           -. --------  =  ---------------  =  0.136  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.130  +  0.136 ] 

                      =  0.289  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        310.14 kN. 

                 Vuy               310.14 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        409.88 kN. 

                 Vuz               409.88 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78196e+000,  Lz   = 1.78196e+000,  Lb   = 1.78196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2175.85      -572.87      -357.03      -286.69       -95.60 

           ------------------------------------------------------------------------------- 

            TOTAL           -2175.85      -572.87      -357.03      -286.69       -95.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2175.85 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979052.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610927.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2175.85            -572.87            -286.69 

           ---------------------------------------------------------------- 

            TOTAL           -2175.85            -572.87            -286.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -572.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -286.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979052.4384 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979052.4384 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2175.85 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                572.87 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                286.69 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.211  +  0.087 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        312.70 kN. 

                 Vuy               312.70 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        262.66 kN. 

                 Vuz               262.66 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04462e+000,  Lz   = 1.04462e+000,  Lb   = 1.04462e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2179.57      -513.43      -572.90      -487.47      -292.06 

           ------------------------------------------------------------------------------- 

            TOTAL           -2179.57      -513.43      -572.90      -487.47      -292.06 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2179.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848965.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687670.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2179.57            -572.90            -292.06 

           ---------------------------------------------------------------- 

            TOTAL           -2179.57            -572.90            -292.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -572.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -292.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848965.4179 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8662e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848965.4179 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.12 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.96 kN. 

           -. phiPn =  phi*Pn  =      20424.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2179.57 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20424.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                572.90 

           -. --------  =  ---------------  =  0.211  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                292.06 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.053 + [  0.211  +  0.089 ] 

                      =  0.353  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        306.98 kN. 

                 Vuy               306.98 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        229.38 kN. 

                 Vuz               229.38 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.14470e+000,  Lz   = 2.14470e+000,  Lb   = 2.14470e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1720.80      -590.84      -163.16      -180.21      -199.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -1720.80      -590.84      -163.16      -180.21      -199.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1720.80 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1826 

              Pey    =  (Area*Fy)/Lambda^2       =   702733.90 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.38 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1373 

              Pez    =  (Area*Fy)/Lambda^2       =  1243602.81 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1720.80            -590.84            -180.21 

           ---------------------------------------------------------------- 

            TOTAL           -1720.80            -590.84            -180.21 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -590.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -180.21 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  702733.9028 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.145 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.4264e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  702733.9028 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          30.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23102.12 kN. 

           -. phiPn =  phi*Pn  =      20791.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1720.80 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20791.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                590.84 

           -. --------  =  ---------------  =  0.210  <  1.000  --->  O.K. 

               phiMny             2819.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                180.21 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiMnz             3511.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.210  +  0.051 ] 

                      =  0.302  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        165.59 kN. 

                 Vuy               165.59 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        250.70 kN. 

                 Vuz               250.70 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.22206e-001,  Lz   = 8.22206e-001,  Lb   = 8.22206e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1735.08      -602.06      -590.84      -295.68      -183.09 

           ------------------------------------------------------------------------------- 

            TOTAL           -1735.08      -602.06      -590.84      -295.68      -183.09 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1735.08 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.30 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0700 

              Pey    =  (Area*Fy)/Lambda^2       =  4781501.59 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0526 

              Pez    =  (Area*Fy)/Lambda^2       =  8461650.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1735.08            -590.84            -183.09 

           ---------------------------------------------------------------- 

            TOTAL           -1735.08            -590.84            -183.09 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -590.84 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -183.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4781501.5921 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.822 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3726e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4781501.5921 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         204.10 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23378.73 kN. 

           -. phiPn =  phi*Pn  =      21040.86 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1735.08 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21040.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.04 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                590.84 

           -. --------  =  ---------------  =  0.209  <  1.000  --->  O.K. 

               phiMny             2822.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                183.09 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiMnz             3515.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.209  +  0.052 ] 

                      =  0.303  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        161.21 kN. 

                 Vuy               161.21 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        197.37 kN. 

                 Vuz               197.37 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.23121e+000,  Lz   = 2.23121e+000,  Lb   = 2.23121e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1949.79      -623.02      -223.16      -188.79      -201.69 

           ------------------------------------------------------------------------------- 

            TOTAL           -1949.79      -623.02      -223.16      -188.79      -201.69 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1949.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1899 

              Pey    =  (Area*Fy)/Lambda^2       =   649296.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.80 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1428 

              Pez    =  (Area*Fy)/Lambda^2       =  1149036.93 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1949.79            -623.02            -188.79 

           ---------------------------------------------------------------- 

            TOTAL           -1949.79            -623.02            -188.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -623.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -188.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  649296.7030 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.231 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.9378e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  649296.7030 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23075.61 kN. 

           -. phiPn =  phi*Pn  =      20768.05 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1949.79 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20768.05 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                623.02 

           -. --------  =  ---------------  =  0.221  <  1.000  --->  O.K. 

               phiMny             2819.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.15 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.15 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.15 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                188.79 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             3511.15 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.221  +  0.054 ] 

                      =  0.322  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        149.00 kN. 

                 Vuy               149.00 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        243.19 kN. 

                 Vuz               243.19 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.49876e-001,  Lz   = 9.49876e-001,  Lb   = 9.49876e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 796 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1962.62      -668.84      -622.89      -288.29      -192.55 

           ------------------------------------------------------------------------------- 

            TOTAL           -1962.62      -668.84      -622.89      -288.29      -192.55 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1962.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.12 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0809 

              Pey    =  (Area*Fy)/Lambda^2       =  3582539.80 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.60 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0608 

              Pez    =  (Area*Fy)/Lambda^2       =  6339891.30 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1962.62            -622.89            -192.55 

           ---------------------------------------------------------------- 

            TOTAL           -1962.62            -622.89            -192.55 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -622.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -192.55 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3582539.7963 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.950 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.2762e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3582539.7963 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         152.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23362.69 kN. 

           -. phiPn =  phi*Pn  =      21026.42 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1962.62 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21026.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.83 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                622.89 

           -. --------  =  ---------------  =  0.221  <  1.000  --->  O.K. 

               phiMny             2821.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                192.55 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiMnz             3515.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.221  +  0.055 ] 

                      =  0.322  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        140.42 kN. 

                 Vuy               140.42 

           -. --------  =  ---------------  =  0.016  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        147.42 kN. 

                 Vuz               147.42 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78196e+000,  Lz   = 1.78196e+000,  Lb   = 1.78196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2181.36      -590.23      -366.36      -281.13       -86.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -2181.36      -590.23      -366.36      -281.13       -86.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2181.36 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979052.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610927.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2181.36            -590.23            -281.13 

           ---------------------------------------------------------------- 

            TOTAL           -2181.36            -590.23            -281.13 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -590.23 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -281.13 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979052.4384 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979052.4384 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2181.36 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                590.23 

           -. --------  =  ---------------  =  0.218  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                281.13 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.218  +  0.086 ] 

                      =  0.357  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        303.82 kN. 

                 Vuy               303.82 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        273.18 kN. 

                 Vuz               273.18 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04462e+000,  Lz   = 1.04462e+000,  Lb   = 1.04462e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2185.91      -540.30      -590.18      -494.92      -287.18 

           ------------------------------------------------------------------------------- 

            TOTAL           -2185.91      -540.30      -590.18      -494.92      -287.18 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2185.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848965.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687670.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2185.91            -590.18            -287.18 

           ---------------------------------------------------------------- 

            TOTAL           -2185.91            -590.18            -287.18 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -590.18 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -287.18 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848965.4179 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8662e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848965.4179 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.12 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.96 kN. 

           -. phiPn =  phi*Pn  =      20424.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2185.91 

           -. -------  =  ---------------  =          0.11  <  1.000  --->  O.K. 

               phiPn            20424.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                590.18 

           -. --------  =  ---------------  =  0.217  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                287.18 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.054 + [  0.217  +  0.087 ] 

                      =  0.358  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        298.26 kN. 

                 Vuy               298.26 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        233.82 kN. 

                 Vuz               233.82 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 813 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 103220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78196e+000,  Lz   = 1.78196e+000,  Lb   = 1.78196e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -993.65      -378.14      -322.11      -441.40       -86.11 

           ------------------------------------------------------------------------------- 

            TOTAL            -993.65      -378.14      -322.11      -441.40       -86.11 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      993.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979052.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610927.03 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -993.65            -378.14            -441.40 

           ---------------------------------------------------------------- 

            TOTAL            -993.65            -378.14            -441.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -378.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -441.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979052.4384 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8497e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979052.4384 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.42 kN. 

           -. phiPn =  phi*Pn  =      20294.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                993.65 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                378.14 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                441.40 

           -. --------  =  ---------------  =  0.134  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.139  +  0.134 ] 

                      =  0.298  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        327.61 kN. 

                 Vuy               327.61 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        387.43 kN. 

                 Vuz               387.43 

           -. --------  =  ---------------  =  0.064  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04462e+000,  Lz   = 1.04462e+000,  Lb   = 1.04462e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1008.89      -579.13      -378.00      -786.90      -451.40 

           ------------------------------------------------------------------------------- 

            TOTAL           -1008.89      -579.13      -378.00      -786.90      -451.40 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1008.89 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848965.42 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4687670.67 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1008.89            -378.00            -451.40 

           ---------------------------------------------------------------- 

            TOTAL           -1008.89            -378.00            -451.40 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -378.00 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -451.40 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848965.4179 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8662e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848965.4179 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.12 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.96 kN. 

           -. phiPn =  phi*Pn  =      20424.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1008.89 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                378.00 

           -. --------  =  ---------------  =  0.139  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                451.40 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.025 + [  0.139  +  0.137 ] 

                      =  0.301  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        322.08 kN. 

                 Vuy               322.08 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        428.19 kN. 

                 Vuz               428.19 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.19582e+000,  Lz   = 2.19582e+000,  Lb   = 2.19582e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1749.72      -635.88      -156.21      -117.76      -197.23 

           ------------------------------------------------------------------------------- 

            TOTAL           -1749.72      -635.88      -156.21      -117.76      -197.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1749.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1869 

              Pey    =  (Area*Fy)/Lambda^2       =   670395.20 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.63 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1405 

              Pez    =  (Area*Fy)/Lambda^2       =  1186374.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1749.72            -635.88            -117.76 

           ---------------------------------------------------------------- 

            TOTAL           -1749.72            -635.88            -117.76 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -635.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -117.76 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  670395.1958 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.196 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1307e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  670395.1958 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          28.62 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23086.58 kN. 

           -. phiPn =  phi*Pn  =      20777.92 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1749.72 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20777.92 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.82 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.82 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                635.88 

           -. --------  =  ---------------  =  0.226  <  1.000  --->  O.K. 

               phiMny             2819.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                117.76 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             3511.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.226  +  0.034 ] 

                      =  0.301  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        160.16 kN. 

                 Vuy               160.16 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        275.11 kN. 

                 Vuz               275.11 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 831 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 103231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.37016e-001,  Lz   = 8.37016e-001,  Lb   = 8.37016e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1767.10      -658.52      -635.86      -193.94      -121.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -1767.10      -658.52      -635.86      -193.94      -121.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1767.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0713 

              Pey    =  (Area*Fy)/Lambda^2       =  4613792.95 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0536 

              Pez    =  (Area*Fy)/Lambda^2       =  8164862.76 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1767.10            -635.86            -121.25 

           ---------------------------------------------------------------- 

            TOTAL           -1767.10            -635.86            -121.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -635.86 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -121.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4613792.9464 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.837 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2193e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4613792.9464 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         196.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23376.99 kN. 

           -. phiPn =  phi*Pn  =      21039.29 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1767.10 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21039.29 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.01 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                635.86 

           -. --------  =  ---------------  =  0.225  <  1.000  --->  O.K. 

               phiMny             2822.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                121.25 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             3515.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.225  +  0.034 ] 

                      =  0.302  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        157.21 kN. 

                 Vuy               157.21 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        206.30 kN. 

                 Vuz               206.30 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28057e+000,  Lz   = 2.28057e+000,  Lb   = 2.28057e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1946.50      -632.28      -226.60      -187.41      -178.51 

           ------------------------------------------------------------------------------- 

            TOTAL           -1946.50      -632.28      -226.60      -187.41      -178.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1946.50 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.69 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1941 

              Pey    =  (Area*Fy)/Lambda^2       =   621494.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.04 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1459 

              Pez    =  (Area*Fy)/Lambda^2       =  1099836.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1946.50            -632.28            -187.41 

           ---------------------------------------------------------------- 

            TOTAL           -1946.50            -632.28            -187.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -632.28 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -187.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  621494.7230 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.281 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.6835e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  621494.7230 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          26.53 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23060.02 kN. 

           -. phiPn =  phi*Pn  =      20754.02 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1946.50 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20754.02 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                632.28 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                187.41 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiMnz             3510.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.224  +  0.053 ] 

                      =  0.325  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        143.81 kN. 

                 Vuy               143.81 

           -. --------  =  ---------------  =  0.021  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        245.34 kN. 

                 Vuz               245.34 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 103241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.66682e-001,  Lz   = 9.66682e-001,  Lb   = 9.66682e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1958.91      -680.17      -632.37      -294.57      -190.29 

           ------------------------------------------------------------------------------- 

            TOTAL           -1958.91      -680.17      -632.37      -294.57      -190.29 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1958.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.23 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0823 

              Pey    =  (Area*Fy)/Lambda^2       =  3459058.54 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0619 

              Pez    =  (Area*Fy)/Lambda^2       =  6121370.98 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1958.91            -632.37            -190.29 

           ---------------------------------------------------------------- 

            TOTAL           -1958.91            -632.37            -190.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -632.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -190.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.2  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3459058.5391 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.967 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.1633e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3459058.5391 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         147.65 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23360.41 kN. 

           -. phiPn =  phi*Pn  =      21024.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1958.91 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21024.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.80 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                632.37 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             2821.80 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.37 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.37 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.37 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                190.29 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiMnz             3515.37 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.047 + [  0.224  +  0.054 ] 

                      =  0.325  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        143.66 kN. 

                 Vuy               143.66 

           -. --------  =  ---------------  =  0.017  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        153.75 kN. 

                 Vuz               153.75 

           -. --------  =  ---------------  =  0.025  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    13 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.863,  Flg Width   =      0.863,  Web Center  =      0.825 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.25715e-001,  Asy  = 6.57606e-002,  Asz  = 6.57606e-002 

         Ybar = 4.31500e-001,  Zbar = 4.31500e-001,  Qyb  = 2.55354e-001,  Qzb  = 2.55354e-001 

         Syy  = 3.31118e-002,  Szz  = 3.31118e-002,  Zyy  = 3.89159e-002,  Zzz  = 3.89159e-002 

         Iyy  = 1.42877e-002,  Izz  = 1.42877e-002,  Iyz  = 0.00000e+000 

         ry   = 3.37123e-001,  rz   = 3.37123e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45000e+000,  Lz   = 1.45000e+000,  Lb   = 1.45000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2329.54     -1784.33     -3018.61      -934.99     -1637.44 

           ------------------------------------------------------------------------------- 

            TOTAL           -2329.54     -1784.33     -3018.61      -934.99     -1637.44 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2329.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        9.96 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1317 

              Pey    =  (Area*Fy)/Lambda^2       =  2156521.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.96 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1317 

              Pez    =  (Area*Fy)/Lambda^2       =  2156521.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2329.54           -3018.61           -1637.44 

           ---------------------------------------------------------------- 

            TOTAL           -2329.54           -3018.61           -1637.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3018.61 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1637.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2156521.1106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.450 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.5402e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2156521.1106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          57.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37131.33 kN. 

           -. phiPn =  phi*Pn  =      33418.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2329.54 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33418.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8442.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8442.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3018.61 

           -. --------  =  ---------------  =  0.358  <  1.000  --->  O.K. 

               phiMny             8442.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8442.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8442.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8442.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1637.44 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiMnz             8442.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.358  +  0.194 ] 

                      =  0.586  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 854 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        780.20 kN. 

                 Vuy               780.20 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        851.72 kN. 

                 Vuz               851.72 

           -. --------  =  ---------------  =  0.075  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 104110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78183e+000,  Lz   = 1.78183e+000,  Lb   = 1.78183e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -804.07      -604.92      -487.58      -300.25       -57.03 

           ------------------------------------------------------------------------------- 

            TOTAL            -804.07      -604.92      -487.58      -300.25       -57.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      804.07 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979189.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611152.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -804.07            -604.92            -300.25 

           ---------------------------------------------------------------- 

            TOTAL            -804.07            -604.92            -300.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -604.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -300.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979189.6631 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8511e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979189.6631 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.45 kN. 

           -. phiPn =  phi*Pn  =      20294.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                804.07 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                604.92 

           -. --------  =  ---------------  =  0.223  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                300.25 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.223  +  0.091 ] 

                      =  0.334  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        325.90 kN. 

                 Vuy               325.90 

           -. --------  =  ---------------  =  0.048  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        523.20 kN. 

                 Vuz               523.20 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -827.20     -1066.53      -604.81      -540.24      -306.20 

           ------------------------------------------------------------------------------- 

            TOTAL            -827.20     -1066.53      -604.81      -540.24      -306.20 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      827.20 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848109.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686262.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -827.20            -604.81            -306.20 

           ---------------------------------------------------------------- 

            TOTAL            -827.20            -604.81            -306.20 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -604.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -306.20 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848109.3319 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848109.3319 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                827.20 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                604.81 

           -. --------  =  ---------------  =  0.223  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                306.20 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.020 + [  0.223  +  0.093 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 866 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        320.52 kN. 

                 Vuy               320.52 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        557.76 kN. 

                 Vuz               557.76 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78183e+000,  Lz   = 1.78183e+000,  Lb   = 1.78183e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2855.09      -798.88      -430.39      -276.86      -108.07 

           ------------------------------------------------------------------------------- 

            TOTAL           -2855.09      -798.88      -430.39      -276.86      -108.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2855.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979189.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611152.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2855.09            -798.88            -276.86 

           ---------------------------------------------------------------- 

            TOTAL           -2855.09            -798.88            -276.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -798.88 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -276.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979189.6631 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8511e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979189.6631 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.45 kN. 

           -. phiPn =  phi*Pn  =      20294.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2855.09 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            20294.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                798.88 

           -. --------  =  ---------------  =  0.295  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                276.86 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.295  +  0.084 ] 

                      =  0.449  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        341.97 kN. 

                 Vuy               341.97 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        337.65 kN. 

                 Vuz               337.65 

           -. --------  =  ---------------  =  0.055  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2864.72      -743.01      -798.81      -503.74      -282.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -2864.72      -743.01      -798.81      -503.74      -282.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2864.72 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848109.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686262.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2864.72            -798.81            -282.41 

           ---------------------------------------------------------------- 

            TOTAL           -2864.72            -798.81            -282.41 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 875 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -798.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -282.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848109.3319 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848109.3319 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2864.72 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                798.81 

           -. --------  =  ---------------  =  0.294  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                282.41 

           -. --------  =  ---------------  =  0.086  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.070 + [  0.294  +  0.086 ] 

                      =  0.450  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        335.89 kN. 

                 Vuy               335.89 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        226.32 kN. 

                 Vuz               226.32 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.14383e+000,  Lz   = 2.14383e+000,  Lb   = 2.14383e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1744.00      -609.79      -129.87      -321.45      -142.51 

           ------------------------------------------------------------------------------- 

            TOTAL           -1744.00      -609.79      -129.87      -321.45      -142.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1744.00 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1825 

              Pey    =  (Area*Fy)/Lambda^2       =   703307.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.38 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1372 

              Pez    =  (Area*Fy)/Lambda^2       =  1244618.31 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1744.00            -609.79            -321.45 

           ---------------------------------------------------------------- 

            TOTAL           -1744.00            -609.79            -321.45 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -609.79 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -321.45 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 882 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  703307.7413 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.144 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.4317e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  703307.7413 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          30.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23102.38 kN. 

           -. phiPn =  phi*Pn  =      20792.14 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1744.00 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20792.14 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                609.79 

           -. --------  =  ---------------  =  0.216  <  1.000  --->  O.K. 

               phiMny             2819.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.44 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.44 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.44 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                321.45 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3511.44 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.216  +  0.092 ] 

                      =  0.350  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        254.66 kN. 

                 Vuy               254.66 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        298.72 kN. 

                 Vuz               298.72 

           -. --------  =  ---------------  =  0.049  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.24042e-001,  Lz   = 8.24042e-001,  Lb   = 8.24042e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1763.03      -656.24      -609.63      -473.59      -330.50 

           ------------------------------------------------------------------------------- 

            TOTAL           -1763.03      -656.24      -609.63      -473.59      -330.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1763.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.31 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0702 

              Pey    =  (Area*Fy)/Lambda^2       =  4760215.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0527 

              Pez    =  (Area*Fy)/Lambda^2       =  8423980.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1763.03            -609.63            -330.50 

           ---------------------------------------------------------------- 

            TOTAL           -1763.03            -609.63            -330.50 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -609.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -330.50 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4760215.1099 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.824 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3532e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4760215.1099 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         203.20 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23378.52 kN. 

           -. phiPn =  phi*Pn  =      21040.67 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1763.03 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21040.67 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.03 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                609.63 

           -. --------  =  ---------------  =  0.216  <  1.000  --->  O.K. 

               phiMny             2822.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                330.50 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             3515.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.042 + [  0.216  +  0.094 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        246.56 kN. 

                 Vuy               246.56 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        176.29 kN. 

                 Vuz               176.29 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.25869e+000,  Lz   = 2.25869e+000,  Lb   = 2.25869e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1786.98      -631.66      -154.35      -248.15      -221.70 

           ------------------------------------------------------------------------------- 

            TOTAL           -1786.98      -631.66      -154.35      -248.15      -221.70 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1786.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1923 

              Pey    =  (Area*Fy)/Lambda^2       =   633596.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.94 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1445 

              Pez    =  (Area*Fy)/Lambda^2       =  1121251.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1786.98            -631.66            -248.15 

           ---------------------------------------------------------------- 

            TOTAL           -1786.98            -631.66            -248.15 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -631.66 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -248.15 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  633596.0058 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.259 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.7942e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  633596.0058 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.05 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23066.97 kN. 

           -. phiPn =  phi*Pn  =      20760.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1786.98 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20760.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.72 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.72 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                631.66 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             2819.72 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.05 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.05 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                248.15 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMnz             3511.05 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.224  +  0.071 ] 

                      =  0.338  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        252.82 kN. 

                 Vuy               252.82 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        249.79 kN. 

                 Vuz               249.79 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.88025e-001,  Lz   = 9.88025e-001,  Lb   = 9.88025e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1800.86      -728.92      -631.72      -403.96      -249.62 

           ------------------------------------------------------------------------------- 

            TOTAL           -1800.86      -728.92      -631.72      -403.96      -249.62 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1800.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0841 

              Pey    =  (Area*Fy)/Lambda^2       =  3311230.74 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0632 

              Pez    =  (Area*Fy)/Lambda^2       =  5859765.46 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1800.86            -631.72            -249.62 

           ---------------------------------------------------------------- 

            TOTAL           -1800.86            -631.72            -249.62 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -631.72 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -249.62 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3311230.7395 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.988 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0281e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3311230.7395 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         141.34 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23357.46 kN. 

           -. phiPn =  phi*Pn  =      21021.71 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1800.86 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21021.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.77 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                631.72 

           -. --------  =  ---------------  =  0.224  <  1.000  --->  O.K. 

               phiMny             2821.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.30 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.30 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.30 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                249.62 

           -. --------  =  ---------------  =  0.071  <  1.000  --->  O.K. 

               phiMnz             3515.30 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.043 + [  0.224  +  0.071 ] 

                      =  0.338  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        246.20 kN. 

                 Vuy               246.20 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        182.67 kN. 

                 Vuz               182.67 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    13 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-1.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.863,  Flg Width   =      0.863,  Web Center  =      0.825 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.25715e-001,  Asy  = 6.57606e-002,  Asz  = 6.57606e-002 

         Ybar = 4.31500e-001,  Zbar = 4.31500e-001,  Qyb  = 2.55354e-001,  Qzb  = 2.55354e-001 

         Syy  = 3.31118e-002,  Szz  = 3.31118e-002,  Zyy  = 3.89159e-002,  Zzz  = 3.89159e-002 

         Iyy  = 1.42877e-002,  Izz  = 1.42877e-002,  Iyz  = 0.00000e+000 

         ry   = 3.37123e-001,  rz   = 3.37123e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.45000e+000,  Lz   = 1.45000e+000,  Lb   = 1.45000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2386.45     -1807.77     -3067.81     -1114.56     -1869.69 

           ------------------------------------------------------------------------------- 

            TOTAL           -2386.45     -1807.77     -3067.81     -1114.56     -1869.69 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2386.45 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        9.96 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1317 

              Pey    =  (Area*Fy)/Lambda^2       =  2156521.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.96 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1317 

              Pez    =  (Area*Fy)/Lambda^2       =  2156521.11 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2386.45           -3067.81           -1869.69 

           ---------------------------------------------------------------- 

            TOTAL           -2386.45           -3067.81           -1869.69 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -3067.81 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1869.69 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    10.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2156521.1106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.450 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.5402e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2156521.1106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          57.66 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       37131.33 kN. 

           -. phiPn =  phi*Pn  =      33418.19 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2386.45 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            33418.19 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 907 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8442.98 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8442.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               3067.81 

           -. --------  =  ---------------  =  0.363  <  1.000  --->  O.K. 

               phiMny             8442.98 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8442.98 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8442.98 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8442.98 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1869.69 

           -. --------  =  ---------------  =  0.221  <  1.000  --->  O.K. 

               phiMnz             8442.98 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.363  +  0.221 ] 

                      =  0.621  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        753.54 kN. 

                 Vuy               753.54 

           -. --------  =  ---------------  =  0.066  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        869.72 kN. 

                 Vuz               869.72 

           -. --------  =  ---------------  =  0.076  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 104210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78254e+000,  Lz   = 1.78254e+000,  Lb   = 1.78254e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2757.49      -777.50      -448.39      -334.48      -123.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -2757.49      -777.50      -448.39      -334.48      -123.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2757.49 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1526 

              Pey    =  (Area*Fy)/Lambda^2       =   978414.00 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1609876.55 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2757.49            -777.50            -334.48 

           ---------------------------------------------------------------- 

            TOTAL           -2757.49            -777.50            -334.48 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -777.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -334.48 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978414.0013 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.783 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8433e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978414.0013 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.28 kN. 

           -. phiPn =  phi*Pn  =      20294.35 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2757.49 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            20294.35 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                777.50 

           -. --------  =  ---------------  =  0.287  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                334.48 

           -. --------  =  ---------------  =  0.102  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.287  +  0.102 ] 

                      =  0.456  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        355.96 kN. 

                 Vuy               355.96 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        316.30 kN. 

                 Vuz               316.30 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2765.35      -709.87      -777.50      -585.81      -341.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -2765.35      -709.87      -777.50      -585.81      -341.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2765.35 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848109.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686262.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2765.35            -777.50            -341.38 

           ---------------------------------------------------------------- 

            TOTAL           -2765.35            -777.50            -341.38 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -777.50 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -341.38 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 918 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848109.3319 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848109.3319 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2765.35 

           -. -------  =  ---------------  =          0.14  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                777.50 

           -. --------  =  ---------------  =  0.287  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                341.38 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.068 + [  0.287  +  0.104 ] 

                      =  0.458  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        350.59 kN. 

                 Vuy               350.59 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        226.95 kN. 

                 Vuz               226.95 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78183e+000,  Lz   = 1.78183e+000,  Lb   = 1.78183e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 922 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -940.62      -460.59      -378.92      -468.87      -150.01 

           ------------------------------------------------------------------------------- 

            TOTAL            -940.62      -460.59      -378.92      -468.87      -150.01 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      940.62 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979189.66 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611152.82 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -940.62            -460.59            -468.87 

           ---------------------------------------------------------------- 

            TOTAL            -940.62            -460.59            -468.87 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -460.59 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -468.87 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979189.6631 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8511e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979189.6631 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.45 kN. 

           -. phiPn =  phi*Pn  =      20294.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                940.62 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20294.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                460.59 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                468.87 

           -. --------  =  ---------------  =  0.143  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.170  +  0.143 ] 

                      =  0.336  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        356.97 kN. 

                 Vuy               356.97 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        502.31 kN. 

                 Vuz               502.31 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 928 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -951.86      -761.58      -460.77      -802.47      -479.60 

           ------------------------------------------------------------------------------- 

            TOTAL            -951.86      -761.58      -460.77      -802.47      -479.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      951.86 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848109.33 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686262.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -951.86            -460.77            -479.60 

           ---------------------------------------------------------------- 

            TOTAL            -951.86            -460.77            -479.60 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -460.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -479.60 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848109.3319 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848109.3319 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                951.86 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                460.77 

           -. --------  =  ---------------  =  0.170  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                479.60 

           -. --------  =  ---------------  =  0.146  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.023 + [  0.170  +  0.146 ] 

                      =  0.339  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        351.05 kN. 

                 Vuy               351.05 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        547.99 kN. 

                 Vuz               547.99 

           -. --------  =  ---------------  =  0.090  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.19538e+000,  Lz   = 2.19538e+000,  Lb   = 2.19538e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1716.75      -620.07      -152.25      -313.75      -186.64 

           ------------------------------------------------------------------------------- 

            TOTAL           -1716.75      -620.07      -152.25      -313.75      -186.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1716.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1869 

              Pey    =  (Area*Fy)/Lambda^2       =   670663.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.63 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1405 

              Pez    =  (Area*Fy)/Lambda^2       =  1186848.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1716.75            -620.07            -313.75 

           ---------------------------------------------------------------- 

            TOTAL           -1716.75            -620.07            -313.75 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -620.07 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -313.75 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  670663.3702 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.195 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1331e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  670663.3702 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          28.63 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23086.71 kN. 

           -. phiPn =  phi*Pn  =      20778.04 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1716.75 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20778.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.82 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.82 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                620.07 

           -. --------  =  ---------------  =  0.220  <  1.000  --->  O.K. 

               phiMny             2819.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                313.75 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMnz             3511.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.220  +  0.089 ] 

                      =  0.351  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        227.58 kN. 

                 Vuy               227.58 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        288.56 kN. 

                 Vuz               288.56 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.38698e-001,  Lz   = 8.38698e-001,  Lb   = 8.38698e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1734.39      -660.00      -619.92      -464.30      -321.67 

           ------------------------------------------------------------------------------- 

            TOTAL           -1734.39      -660.00      -619.92      -464.30      -321.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1734.39 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.40 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0714 

              Pey    =  (Area*Fy)/Lambda^2       =  4595302.72 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.06 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0537 

              Pez    =  (Area*Fy)/Lambda^2       =  8132141.28 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1734.39            -619.92            -321.67 

           ---------------------------------------------------------------- 

            TOTAL           -1734.39            -619.92            -321.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -619.92 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -321.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4595302.7226 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.839 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2024e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4595302.7226 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         196.16 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23376.79 kN. 

           -. phiPn =  phi*Pn  =      21039.11 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1734.39 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21039.11 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.01 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                619.92 

           -. --------  =  ---------------  =  0.220  <  1.000  --->  O.K. 

               phiMny             2822.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                321.67 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             3515.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.220  +  0.091 ] 

                      =  0.352  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        225.82 kN. 

                 Vuy               225.82 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        174.30 kN. 

                 Vuz               174.30 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.30707e+000,  Lz   = 2.30707e+000,  Lb   = 2.30707e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1829.91      -614.05      -166.32      -292.03      -202.52 

           ------------------------------------------------------------------------------- 

            TOTAL           -1829.91      -614.05      -166.32      -292.03      -202.52 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1829.91 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.86 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1964 

              Pey    =  (Area*Fy)/Lambda^2       =   607299.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1476 

              Pez    =  (Area*Fy)/Lambda^2       =  1074716.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1829.91            -614.05            -292.03 

           ---------------------------------------------------------------- 

            TOTAL           -1829.91            -614.05            -292.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -614.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -292.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  607299.7463 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.307 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.5537e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  607299.7463 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          25.92 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23051.52 kN. 

           -. phiPn =  phi*Pn  =      20746.37 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1829.91 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            20746.37 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                614.05 

           -. --------  =  ---------------  =  0.218  <  1.000  --->  O.K. 

               phiMny             2819.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.89 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.89 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                292.03 

           -. --------  =  ---------------  =  0.083  <  1.000  --->  O.K. 

               phiMnz             3510.89 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.218  +  0.083 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        225.74 kN. 

                 Vuy               225.74 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        238.69 kN. 

                 Vuz               238.69 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 104241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.00585e+000,  Lz   = 1.00585e+000,  Lb   = 1.00585e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1843.25      -692.20      -614.05      -485.41      -294.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -1843.25      -692.20      -614.05      -485.41      -294.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1843.25 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.48 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0856 

              Pey    =  (Area*Fy)/Lambda^2       =  3194901.71 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.87 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0644 

              Pez    =  (Area*Fy)/Lambda^2       =  5653902.17 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1843.25            -614.05            -294.83 

           ---------------------------------------------------------------- 

            TOTAL           -1843.25            -614.05            -294.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -614.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -294.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3194901.7080 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.006 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9217e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3194901.7080 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         136.38 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23354.94 kN. 

           -. phiPn =  phi*Pn  =      21019.44 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1843.25 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            21019.44 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                614.05 

           -. --------  =  ---------------  =  0.218  <  1.000  --->  O.K. 

               phiMny             2821.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.24 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.24 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.24 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                294.83 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMnz             3515.24 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.218  +  0.084 ] 

                      =  0.345  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        221.90 kN. 

                 Vuy               221.90 

           -. --------  =  ---------------  =  0.026  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        165.94 kN. 

                 Vuz               165.94 

           -. --------  =  ---------------  =  0.027  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151+,  MATERIAL NO  =     3,  SECTION NO =    16 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-3.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.975,  Flg Width   =      0.975,  Web Center  =      0.937 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.42784e-001,  Asy  = 7.42950e-002,  Asz  = 7.42950e-002 

         Ybar = 4.87500e-001,  Zbar = 4.87500e-001,  Qyb  = 3.29350e-001,  Qzb  = 3.29350e-001 

         Syy  = 4.29197e-002,  Szz  = 4.29197e-002,  Zyy  = 5.01929e-002,  Zzz  = 5.01929e-002 

         Iyy  = 2.09233e-002,  Izz  = 2.09233e-002,  Iyz  = 0.00000e+000 

         ry   = 3.82804e-001,  rz   = 3.82804e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.30000e+000,  Lz   = 3.30000e+000,  Lb   = 3.30000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Compute moment magnification factors(B1y,B1z). 

           -. If tension or bending member. 

           -. Assumed   B1y  =  1.00 

           -. Assumed   B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES       338.21            2790.80            1594.72 

           ---------------------------------------------------------------- 

            TOTAL             338.21            2790.80            1594.72 

           ---------------------------------------------------------------- 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     2790.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     1594.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial tension member (l/r). 

           [ AASHTO-LRFD12 Specification 6.8.4 ] 

           -. l/r  =    11.3  <   200.0  --->  O.K. 

 

      ( ). Calculate axial tensile strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.8.2.1-1 ] 

           -. Resistance factor for tension  :  phi = 0.95 

           -. phiPn  =  phi*Fy*Ag  =      35531.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                338.21 

           -. -------  =  ---------------  =  0.010  <  1.000  --->  O.K. 

               phiPn            35531.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8435.66 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8435.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2790.80 

           -. --------  =  ---------------  =  0.331  <  1.000  --->  O.K. 

               phiMny             8435.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8435.66 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8435.66 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8435.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1594.72 

           -. --------  =  ---------------  =  0.189  <  1.000  --->  O.K. 

               phiMnz             8435.66 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.005 + [  0.331  +  0.189 ] 

                      =  0.525  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =       1070.10 kN. 

                 Vuy              1070.10 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        584.50 kN. 

                 Vuz               584.50 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 105110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78240e+000,  Lz   = 1.78240e+000,  Lb   = 1.78240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -762.92      -631.73      -538.39      -260.16      -109.60 

           ------------------------------------------------------------------------------- 

            TOTAL            -762.92      -631.73      -538.39      -260.16      -109.60 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      762.92 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978561.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610118.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -762.92            -631.73            -260.16 

           ---------------------------------------------------------------- 

            TOTAL            -762.92            -631.73            -260.16 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -631.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -260.16 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978561.2117 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8447e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978561.2117 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.31 kN. 

           -. phiPn =  phi*Pn  =      20294.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                762.92 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                631.73 

           -. --------  =  ---------------  =  0.233  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                260.16 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.233  +  0.079 ] 

                      =  0.331  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        299.42 kN. 

                 Vuy               299.42 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        557.76 kN. 

                 Vuz               557.76 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04442e+000,  Lz   = 1.04442e+000,  Lb   = 1.04442e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -774.88     -1130.85      -631.73      -433.15      -264.61 

           ------------------------------------------------------------------------------- 

            TOTAL            -774.88     -1130.85      -631.73      -433.15      -264.61 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      774.88 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850044.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4689445.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -774.88            -631.73            -264.61 

           ---------------------------------------------------------------- 

            TOTAL            -774.88            -631.73            -264.61 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -631.73 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -264.61 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850044.0877 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8673e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850044.0877 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.98 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                774.88 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                631.73 

           -. --------  =  ---------------  =  0.233  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                264.61 

           -. --------  =  ---------------  =  0.080  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.019 + [  0.233  +  0.080 ] 

                      =  0.332  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        293.56 kN. 

                 Vuy               293.56 

           -. --------  =  ---------------  =  0.035  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        594.56 kN. 

                 Vuz               594.56 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78243e+000,  Lz   = 1.78243e+000,  Lb   = 1.78243e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3093.09      -846.34      -552.13      -276.82      -126.65 

           ------------------------------------------------------------------------------- 

            TOTAL           -3093.09      -846.34      -552.13      -276.82      -126.65 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3093.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978535.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610075.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3093.09            -846.34            -276.82 

           ---------------------------------------------------------------- 

            TOTAL           -3093.09            -846.34            -276.82 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -846.34 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -276.82 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978535.0308 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8445e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978535.0308 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.31 kN. 

           -. phiPn =  phi*Pn  =      20294.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3093.09 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20294.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                846.34 

           -. --------  =  ---------------  =  0.312  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                276.82 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.312  +  0.084 ] 

                      =  0.472  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        280.62 kN. 

                 Vuy               280.62 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        315.34 kN. 

                 Vuz               315.34 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04440e+000,  Lz   = 1.04440e+000,  Lb   = 1.04440e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3096.28      -715.30      -846.32      -463.44      -280.27 

           ------------------------------------------------------------------------------- 

            TOTAL           -3096.28      -715.30      -846.32      -463.44      -280.27 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3096.28 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850156.44 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4689630.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3096.28            -846.32            -280.27 

           ---------------------------------------------------------------- 

            TOTAL           -3096.28            -846.32            -280.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -846.32 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -280.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850156.4416 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8674e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850156.4416 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.99 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3096.28 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                846.32 

           -. --------  =  ---------------  =  0.312  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                280.27 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.312  +  0.085 ] 

                      =  0.473  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        273.89 kN. 

                 Vuy               273.89 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        231.89 kN. 

                 Vuz               231.89 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.14530e+000,  Lz   = 2.14530e+000,  Lb   = 2.14530e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1397.03      -547.42      -168.59      -235.41      -172.76 

           ------------------------------------------------------------------------------- 

            TOTAL           -1397.03      -547.42      -168.59      -235.41      -172.76 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1397.03 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.82 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1826 

              Pey    =  (Area*Fy)/Lambda^2       =   702339.81 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.39 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1373 

              Pez    =  (Area*Fy)/Lambda^2       =  1242905.39 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1397.03            -547.42            -235.41 

           ---------------------------------------------------------------- 

            TOTAL           -1397.03            -547.42            -235.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -547.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -235.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  702339.8077 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.145 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.4228e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  702339.8077 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23101.94 kN. 

           -. phiPn =  phi*Pn  =      20791.75 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1397.03 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20791.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                547.42 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiMny             2819.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                235.41 

           -. --------  =  ---------------  =  0.067  <  1.000  --->  O.K. 

               phiMnz             3511.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.194  +  0.067 ] 

                      =  0.295  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        194.64 kN. 

                 Vuy               194.64 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        262.52 kN. 

                 Vuz               262.52 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.21874e-001,  Lz   = 8.21874e-001,  Lb   = 8.21874e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1414.98      -592.77      -547.63      -367.15      -239.41 

           ------------------------------------------------------------------------------- 

            TOTAL           -1414.98      -592.77      -547.63      -367.15      -239.41 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1414.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0700 

              Pey    =  (Area*Fy)/Lambda^2       =  4785359.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0526 

              Pez    =  (Area*Fy)/Lambda^2       =  8468477.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1414.98            -547.63            -239.41 

           ---------------------------------------------------------------- 

            TOTAL           -1414.98            -547.63            -239.41 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -547.63 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -239.41 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4785359.4857 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.822 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3762e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4785359.4857 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         204.27 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23378.77 kN. 

           -. phiPn =  phi*Pn  =      21040.89 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1414.98 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21040.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.04 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                547.63 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiMny             2822.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                239.41 

           -. --------  =  ---------------  =  0.068  <  1.000  --->  O.K. 

               phiMnz             3515.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.194  +  0.068 ] 

                      =  0.296  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        186.92 kN. 

                 Vuy               186.92 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        219.12 kN. 

                 Vuz               219.12 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.25880e+000,  Lz   = 2.25880e+000,  Lb   = 2.25880e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1662.97      -529.14      -225.83      -324.02      -143.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -1662.97      -529.14      -225.83      -324.02      -143.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1662.97 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.55 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1923 

              Pey    =  (Area*Fy)/Lambda^2       =   633536.27 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.94 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1446 

              Pez    =  (Area*Fy)/Lambda^2       =  1121146.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1662.97            -529.14            -324.02 

           ---------------------------------------------------------------- 

            TOTAL           -1662.97            -529.14            -324.02 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -529.14 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -324.02 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  633536.2742 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.259 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.7936e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  633536.2742 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.04 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23066.94 kN. 

           -. phiPn =  phi*Pn  =      20760.25 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1662.97 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20760.25 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1001 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.71 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.71 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                529.14 

           -. --------  =  ---------------  =  0.188  <  1.000  --->  O.K. 

               phiMny             2819.71 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.05 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.05 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.05 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                324.02 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3511.05 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.188  +  0.092 ] 

                      =  0.320  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        205.48 kN. 

                 Vuy               205.48 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        261.60 kN. 

                 Vuz               261.60 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.86699e-001,  Lz   = 9.86699e-001,  Lb   = 9.86699e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1674.84      -612.91      -529.02      -464.63      -329.72 

           ------------------------------------------------------------------------------- 

            TOTAL           -1674.84      -612.91      -529.02      -464.63      -329.72 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1674.84 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.36 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0840 

              Pey    =  (Area*Fy)/Lambda^2       =  3320138.24 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.78 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0631 

              Pez    =  (Area*Fy)/Lambda^2       =  5875528.75 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1674.84            -529.02            -329.72 

           ---------------------------------------------------------------- 

            TOTAL           -1674.84            -529.02            -329.72 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1005 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -529.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -329.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3320138.2425 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.987 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0362e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3320138.2425 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         141.72 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23357.64 kN. 

           -. phiPn =  phi*Pn  =      21021.88 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1674.84 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21021.88 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.77 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                529.02 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             2821.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.30 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.30 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.30 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                329.72 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             3515.30 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.187  +  0.094 ] 

                      =  0.321  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        196.60 kN. 

                 Vuy               196.60 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        204.13 kN. 

                 Vuz               204.13 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    16 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-3.0_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.975,  Flg Width   =      0.975,  Web Center  =      0.937 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.42784e-001,  Asy  = 7.42950e-002,  Asz  = 7.42950e-002 

         Ybar = 4.87500e-001,  Zbar = 4.87500e-001,  Qyb  = 3.29350e-001,  Qzb  = 3.29350e-001 

         Syy  = 4.29197e-002,  Szz  = 4.29197e-002,  Zyy  = 5.01929e-002,  Zzz  = 5.01929e-002 

         Iyy  = 2.09233e-002,  Izz  = 2.09233e-002,  Iyz  = 0.00000e+000 

         ry   = 3.82804e-001,  rz   = 3.82804e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 3.30000e+000,  Lz   = 3.30000e+000,  Lb   = 3.30000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3175.09      -618.26     -2050.24     -1639.34     -2149.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -3175.09      -618.26     -2050.24     -1639.34     -2149.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3175.09 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       22.68 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2997 

              Pey    =  (Area*Fy)/Lambda^2       =   416353.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.86 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       22.68 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2997 

              Pez    =  (Area*Fy)/Lambda^2       =   416353.13 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.86 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3175.09           -2050.24           -2149.79 

           ---------------------------------------------------------------- 

            TOTAL           -3175.09           -2050.24           -2149.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2050.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -2149.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    22.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  416353.1345 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      3.300 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.0696e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  416353.1345 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          11.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       36021.68 kN. 

           -. phiPn =  phi*Pn  =      32419.51 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3175.09 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            32419.51 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8435.66 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8435.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2050.24 

           -. --------  =  ---------------  =  0.243  <  1.000  --->  O.K. 

               phiMny             8435.66 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8435.66 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8435.66 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8435.66 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               2149.79 

           -. --------  =  ---------------  =  0.255  <  1.000  --->  O.K. 

               phiMnz             8435.66 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.243  +  0.255 ] 

                      =  0.547  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =       1104.83 kN. 

                 Vuy              1104.83 

           -. --------  =  ---------------  =  0.097  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuz =        598.58 kN. 

                 Vuz               598.58 

           -. --------  =  ---------------  =  0.052  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 105210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78240e+000,  Lz   = 1.78240e+000,  Lb   = 1.78240e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3136.12      -881.54      -545.24      -236.29      -154.96 

           ------------------------------------------------------------------------------- 

            TOTAL           -3136.12      -881.54      -545.24      -236.29      -154.96 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3136.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978561.21 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610118.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3136.12            -881.54            -236.29 

           ---------------------------------------------------------------- 

            TOTAL           -3136.12            -881.54            -236.29 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -881.54 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -236.29 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978561.2117 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8447e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978561.2117 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.98 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.31 kN. 

           -. phiPn =  phi*Pn  =      20294.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3136.12 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20294.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1019 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                881.54 

           -. --------  =  ---------------  =  0.325  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                236.29 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.325  +  0.072 ] 

                      =  0.474  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        285.30 kN. 

                 Vuy               285.30 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        341.00 kN. 

                 Vuz               341.00 

           -. --------  =  ---------------  =  0.056  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04442e+000,  Lz   = 1.04442e+000,  Lb   = 1.04442e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3141.79      -769.41      -881.48      -442.74      -241.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -3141.79      -769.41      -881.48      -442.74      -241.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3141.79 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850044.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4689445.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3141.79            -881.48            -241.83 

           ---------------------------------------------------------------- 

            TOTAL           -3141.79            -881.48            -241.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -881.48 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -241.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850044.0877 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8673e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850044.0877 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.98 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3141.79 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                881.48 

           -. --------  =  ---------------  =  0.325  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                241.83 

           -. --------  =  ---------------  =  0.074  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.077 + [  0.325  +  0.074 ] 

                      =  0.475  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        279.15 kN. 

                 Vuy               279.15 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        231.61 kN. 

                 Vuz               231.61 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78243e+000,  Lz   = 1.78243e+000,  Lb   = 1.78243e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -839.75      -671.40      -572.36      -280.27       -72.51 

           ------------------------------------------------------------------------------- 

            TOTAL            -839.75      -671.40      -572.36      -280.27       -72.51 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      839.75 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   978535.03 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        9.00 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1610075.69 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -839.75            -671.40            -280.27 

           ---------------------------------------------------------------- 

            TOTAL            -839.75            -671.40            -280.27 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -671.40 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -280.27 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  978535.0308 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8445e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  978535.0308 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          42.97 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.31 kN. 

           -. phiPn =  phi*Pn  =      20294.38 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                839.75 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.38 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                671.40 

           -. --------  =  ---------------  =  0.248  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                280.27 

           -. --------  =  ---------------  =  0.085  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.248  +  0.085 ] 

                      =  0.353  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        312.25 kN. 

                 Vuy               312.25 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        594.69 kN. 

                 Vuz               594.69 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04442e+000,  Lz   = 1.04442e+000,  Lb   = 1.04442e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -890.87     -1194.56      -671.42      -524.06      -286.28 

           ------------------------------------------------------------------------------- 

            TOTAL            -890.87     -1194.56      -671.42      -524.06      -286.28 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      890.87 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2850044.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4689445.51 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -890.87            -671.42            -286.28 

           ---------------------------------------------------------------- 

            TOTAL            -890.87            -671.42            -286.28 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -671.42 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -286.28 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2850044.0877 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.044 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8673e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2850044.0877 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.17 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.98 kN. 

           -. phiPn =  phi*Pn  =      20424.59 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                890.87 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.59 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                671.42 

           -. --------  =  ---------------  =  0.247  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                286.28 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.247  +  0.087 ] 

                      =  0.356  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        306.40 kN. 

                 Vuy               306.40 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        625.39 kN. 

                 Vuz               625.39 

           -. --------  =  ---------------  =  0.103  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.19616e+000,  Lz   = 2.19616e+000,  Lb   = 2.19616e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1404.27      -567.35      -206.72      -155.44      -145.88 

           ------------------------------------------------------------------------------- 

            TOTAL           -1404.27      -567.35      -206.72      -155.44      -145.88 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1404.27 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1870 

              Pey    =  (Area*Fy)/Lambda^2       =   670189.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.63 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1405 

              Pez    =  (Area*Fy)/Lambda^2       =  1186010.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1404.27            -567.35            -155.44 

           ---------------------------------------------------------------- 

            TOTAL           -1404.27            -567.35            -155.44 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -567.35 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -155.44 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  670189.4812 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.196 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1288e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  670189.4812 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          28.61 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23086.47 kN. 

           -. phiPn =  phi*Pn  =      20777.83 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1404.27 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20777.83 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.82 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.82 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                567.35 

           -. --------  =  ---------------  =  0.201  <  1.000  --->  O.K. 

               phiMny             2819.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                155.44 

           -. --------  =  ---------------  =  0.044  <  1.000  --->  O.K. 

               phiMnz             3511.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.201  +  0.044 ] 

                      =  0.279  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        204.73 kN. 

                 Vuy               204.73 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        273.66 kN. 

                 Vuz               273.66 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.37118e-001,  Lz   = 8.37118e-001,  Lb   = 8.37118e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1423.10      -615.29      -567.16      -253.41      -158.94 

           ------------------------------------------------------------------------------- 

            TOTAL           -1423.10      -615.29      -567.16      -253.41      -158.94 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1423.10 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0713 

              Pey    =  (Area*Fy)/Lambda^2       =  4612667.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0536 

              Pez    =  (Area*Fy)/Lambda^2       =  8162870.38 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1423.10            -567.16            -158.94 

           ---------------------------------------------------------------- 

            TOTAL           -1423.10            -567.16            -158.94 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -567.16 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -158.94 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4612667.0947 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.837 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2182e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4612667.0947 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         196.90 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23376.98 kN. 

           -. phiPn =  phi*Pn  =      21039.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1423.10 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21039.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1049 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.01 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                567.16 

           -. --------  =  ---------------  =  0.201  <  1.000  --->  O.K. 

               phiMny             2822.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                158.94 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiMnz             3515.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.201  +  0.045 ] 

                      =  0.280  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        199.09 kN. 

                 Vuy               199.09 

           -. --------  =  ---------------  =  0.023  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        232.00 kN. 

                 Vuz               232.00 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.30779e+000,  Lz   = 2.30779e+000,  Lb   = 2.30779e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1687.70      -520.09      -251.35      -321.86      -141.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -1687.70      -520.09      -251.35      -321.86      -141.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1687.70 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.86 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1965 

              Pey    =  (Area*Fy)/Lambda^2       =   606923.45 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1477 

              Pez    =  (Area*Fy)/Lambda^2       =  1074050.52 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1687.70            -520.09            -321.86 

           ---------------------------------------------------------------- 

            TOTAL           -1687.70            -520.09            -321.86 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -520.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -321.86 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  606923.4536 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.308 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.5503e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  606923.4536 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          25.91 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23051.29 kN. 

           -. phiPn =  phi*Pn  =      20746.16 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1687.70 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20746.16 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                520.09 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             2819.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.89 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.89 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                321.86 

           -. --------  =  ---------------  =  0.092  <  1.000  --->  O.K. 

               phiMnz             3510.89 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.041 + [  0.184  +  0.092 ] 

                      =  0.317  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        214.71 kN. 

                 Vuy               214.71 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        247.93 kN. 

                 Vuz               247.93 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 105241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.00449e+000,  Lz   = 1.00449e+000,  Lb   = 1.00449e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1698.37      -592.14      -520.37      -468.38      -327.36 

           ------------------------------------------------------------------------------- 

            TOTAL           -1698.37      -592.14      -520.37      -468.38      -327.36 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1698.37 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.47 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0855 

              Pey    =  (Area*Fy)/Lambda^2       =  3203564.98 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.86 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0643 

              Pez    =  (Area*Fy)/Lambda^2       =  5669233.26 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1698.37            -520.37            -327.36 

           ---------------------------------------------------------------- 

            TOTAL           -1698.37            -520.37            -327.36 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -520.37 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -327.36 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3203564.9809 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.004 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9296e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3203564.9809 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         136.75 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23355.13 kN. 

           -. phiPn =  phi*Pn  =      21019.62 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1698.37 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21019.62 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                520.37 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             2821.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.24 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.24 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.24 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                327.36 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMnz             3515.24 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.184  +  0.093 ] 

                      =  0.318  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        210.97 kN. 

                 Vuy               210.97 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        205.08 kN. 

                 Vuz               205.08 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106001,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    19 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-4.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      1.088,  Flg Width   =      1.088,  Web Center  =      1.050 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.60005e-001,  Asy  = 8.29056e-002,  Asz  = 8.29056e-002 

         Ybar = 5.44000e-001,  Zbar = 5.44000e-001,  Qyb  = 4.13540e-001,  Qzb  = 4.13540e-001 

         Syy  = 5.41066e-002,  Szz  = 5.41066e-002,  Zyy  = 6.30235e-002,  Zzz  = 6.30235e-002 

         Iyy  = 2.94340e-002,  Izz  = 2.94340e-002,  Iyz  = 0.00000e+000 

         ry   = 4.28902e-001,  rz   = 4.28902e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 4.00000e+000,  Lz   = 4.00000e+000,  Lb   = 4.00000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2358.76      -596.48     -2743.39      -707.42      -606.77 

           ------------------------------------------------------------------------------- 

            TOTAL           -2358.76      -596.48     -2743.39      -707.42      -606.77 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2358.76 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       27.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.3633 

              Pey    =  (Area*Fy)/Lambda^2       =   283380.35 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.86 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       27.49 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.3633 

              Pez    =  (Area*Fy)/Lambda^2       =   283380.35 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.86 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2358.76           -2743.39            -606.77 

           ---------------------------------------------------------------- 

            TOTAL           -2358.76           -2743.39            -606.77 

           ---------------------------------------------------------------- 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1065 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2743.39 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -606.77 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    27.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  283380.3522 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      4.000 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 7.2801e+036 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  283380.3522 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =           7.58 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       35391.72 kN. 

           -. phiPn =  phi*Pn  =      31852.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2358.76 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            31852.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8432.89 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8432.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2743.39 

           -. --------  =  ---------------  =  0.325  <  1.000  --->  O.K. 

               phiMny             8432.89 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8432.89 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8432.89 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8432.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                606.77 

           -. --------  =  ---------------  =  0.072  <  1.000  --->  O.K. 

               phiMnz             8432.89 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.325  +  0.072 ] 

                      =  0.434  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        359.11 kN. 

                 Vuy               359.11 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        536.84 kN. 

                 Vuz               536.84 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 106010,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78231e+000,  Lz   = 1.78231e+000,  Lb   = 1.78231e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1782.52      -356.83      -692.27      -114.35       -54.92 

           ------------------------------------------------------------------------------- 

            TOTAL           -1782.52      -356.83      -692.27      -114.35       -54.92 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1782.52 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   833985.70 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.73 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1418 

              Pez    =  (Area*Fy)/Lambda^2       =  1011462.62 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1782.52            -692.27             -54.92 

           ---------------------------------------------------------------- 

            TOTAL           -1782.52            -692.27             -54.92 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -692.27 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -54.92 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  833985.6995 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2331e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  833985.6995 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.67 kN. 

           -. phiPn =  phi*Pn  =      18108.60 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1782.52 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            18108.60 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                692.27 

           -. --------  =  ---------------  =  0.300  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.69 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.69 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.69 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 54.92 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiMnz             2490.69 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.049 + [  0.300  +  0.022 ] 

                      =  0.371  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        248.16 kN. 

                 Vuy               248.16 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        287.89 kN. 

                 Vuz               287.89 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106011,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1377.99      -178.75      -319.26      -666.67      -413.37 

           ------------------------------------------------------------------------------- 

            TOTAL           -1377.99      -178.75      -319.26      -666.67      -413.37 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1377.99 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848111.94 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686266.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1377.99            -319.26            -413.37 

           ---------------------------------------------------------------- 

            TOTAL           -1377.99            -319.26            -413.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -319.26 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -413.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848111.9411 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848111.9411 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1377.99 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                319.26 

           -. --------  =  ---------------  =  0.118  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                413.37 

           -. --------  =  ---------------  =  0.126  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.118  +  0.126 ] 

                      =  0.277  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        242.47 kN. 

                 Vuy               242.47 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        442.33 kN. 

                 Vuz               442.33 

           -. --------  =  ---------------  =  0.073  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106020,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   148-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78152e+000,  Lz   = 1.78152e+000,  Lb   = 1.78152e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =148- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1835.59      -393.87      -681.91       -80.99       -44.47 

           ------------------------------------------------------------------------------- 

            TOTAL           -1835.59      -393.87      -681.91       -80.99       -44.47 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1835.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1561 

              Pey    =  (Area*Fy)/Lambda^2       =   834724.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.72 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1417 

              Pez    =  (Area*Fy)/Lambda^2       =  1012358.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1835.59            -681.91             -44.47 

           ---------------------------------------------------------------- 

            TOTAL           -1835.59            -681.91             -44.47 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -681.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =      -44.47 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.37 m. 

           -. DTRf  =  Dflg/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.37 m. 

           -. DTRw  =  Dweb/tf   =    9.81  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.059 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  20326.9781 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  834724.0850 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 1.2341e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  834724.0850 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          41.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       20120.85 kN. 

           -. phiPn =  phi*Pn  =      18108.76 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1835.59 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            18108.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2310.95 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2310.95 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                681.91 

           -. --------  =  ---------------  =  0.295  <  1.000  --->  O.K. 

               phiMny             2310.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       2490.70 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       2490.70 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       2490.70 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                 44.47 

           -. --------  =  ---------------  =  0.018  <  1.000  --->  O.K. 

               phiMnz             2490.70 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.295  +  0.018 ] 

                      =  0.364  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        250.91 kN. 

                 Vuy               250.91 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        264.43 kN. 

                 Vuz               264.43 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106021,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04477e+000,  Lz   = 1.04477e+000,  Lb   = 1.04477e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1088 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1306.57      -208.34      -318.09      -637.08      -390.79 

           ------------------------------------------------------------------------------- 

            TOTAL           -1306.57      -208.34      -318.09      -637.08      -390.79 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1306.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2848111.94 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4686266.37 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1306.57            -318.09            -390.79 

           ---------------------------------------------------------------- 

            TOTAL           -1306.57            -318.09            -390.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -318.09 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -390.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2848111.9411 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8653e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2848111.9411 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.08 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.93 kN. 

           -. phiPn =  phi*Pn  =      20424.54 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1306.57 

           -. -------  =  ---------------  =          0.06  <  1.000  --->  O.K. 

               phiPn            20424.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                318.09 

           -. --------  =  ---------------  =  0.117  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                390.79 

           -. --------  =  ---------------  =  0.119  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.032 + [  0.117  +  0.119 ] 

                      =  0.268  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        244.50 kN. 

                 Vuy               244.50 

           -. --------  =  ---------------  =  0.030  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        426.08 kN. 

                 Vuz               426.08 

           -. --------  =  ---------------  =  0.070  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106030,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.17032e+000,  Lz   = 2.17032e+000,  Lb   = 2.17032e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1459.65      -546.89      -234.54      -115.74       -73.38 

           ------------------------------------------------------------------------------- 

            TOTAL           -1459.65      -546.89      -234.54      -115.74       -73.38 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1459.65 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.98 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1848 

              Pey    =  (Area*Fy)/Lambda^2       =   686242.16 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.51 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1389 

              Pez    =  (Area*Fy)/Lambda^2       =  1214417.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1459.65            -546.89            -115.74 

           ---------------------------------------------------------------- 

            TOTAL           -1459.65            -546.89            -115.74 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -546.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -115.74 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.0  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  686242.1598 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.170 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.2756e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  686242.1598 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          29.29 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23094.37 kN. 

           -. phiPn =  phi*Pn  =      20784.94 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1459.65 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20784.94 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.86 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.86 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                546.89 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiMny             2819.86 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.35 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.35 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.35 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                115.74 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiMnz             3511.35 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.194  +  0.033 ] 

                      =  0.262  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         61.62 kN. 

                 Vuy                61.62 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        303.38 kN. 

                 Vuz               303.38 

           -. --------  =  ---------------  =  0.050  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106031,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.29451e-001,  Lz   = 8.29451e-001,  Lb   = 8.29451e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1469.66      -563.19      -546.82      -144.71      -119.83 

           ------------------------------------------------------------------------------- 

            TOTAL           -1469.66      -563.19      -546.82      -144.71      -119.83 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1469.66 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.34 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0706 

              Pey    =  (Area*Fy)/Lambda^2       =  4698331.32 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.02 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0531 

              Pez    =  (Area*Fy)/Lambda^2       =  8314467.27 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1469.66            -546.82            -119.83 

           ---------------------------------------------------------------- 

            TOTAL           -1469.66            -546.82            -119.83 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -546.82 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -119.83 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4698331.3241 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.829 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2966e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4698331.3241 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         200.55 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23377.88 kN. 

           -. phiPn =  phi*Pn  =      21040.10 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1469.66 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21040.10 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.03 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.03 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                546.82 

           -. --------  =  ---------------  =  0.194  <  1.000  --->  O.K. 

               phiMny             2822.03 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.83 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.83 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.83 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                119.83 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             3515.83 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.194  +  0.034 ] 

                      =  0.263  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuy =         63.24 kN. 

                 Vuy                63.24 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        273.79 kN. 

                 Vuz               273.79 

           -. --------  =  ---------------  =  0.045  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106040,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.28239e+000,  Lz   = 2.28239e+000,  Lb   = 2.28239e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1106 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1435.68      -506.08      -233.26      -118.43       -57.53 

           ------------------------------------------------------------------------------- 

            TOTAL           -1435.68      -506.08      -233.26      -118.43       -57.53 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1435.68 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.70 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1943 

              Pey    =  (Area*Fy)/Lambda^2       =   620505.09 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1461 

              Pez    =  (Area*Fy)/Lambda^2       =  1098085.45 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1435.68            -506.08            -118.43 

           ---------------------------------------------------------------- 

            TOTAL           -1435.68            -506.08            -118.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -506.08 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -118.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.7  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  620505.0903 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.282 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.6745e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  620505.0903 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          26.49 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23059.44 kN. 

           -. phiPn =  phi*Pn  =      20753.50 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1435.68 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20753.50 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1109 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.68 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.68 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.08 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny             2819.68 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.97 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.97 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.97 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                118.43 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             3510.97 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.179  +  0.034 ] 

                      =  0.248  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         59.58 kN. 

                 Vuy                59.58 

           -. --------  =  ---------------  =  0.009  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        279.11 kN. 

                 Vuz               279.11 

           -. --------  =  ---------------  =  0.046  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 106041,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.97079e-001,  Lz   = 9.97079e-001,  Lb   = 9.97079e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1445.64      -580.93      -506.13      -161.26      -120.80 

           ------------------------------------------------------------------------------- 

            TOTAL           -1445.64      -580.93      -506.13      -161.26      -120.80 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1445.64 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.42 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0849 

              Pey    =  (Area*Fy)/Lambda^2       =  3251368.75 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.83 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0638 

              Pez    =  (Area*Fy)/Lambda^2       =  5753829.87 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1445.64            -506.13            -120.80 

           ---------------------------------------------------------------- 

            TOTAL           -1445.64            -506.13            -120.80 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -506.13 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -120.80 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3251368.7546 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.997 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9733e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3251368.7546 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         138.79 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23356.18 kN. 

           -. phiPn =  phi*Pn  =      21020.56 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1445.64 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21020.56 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.76 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.76 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.13 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny             2821.76 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.27 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.27 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.27 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                120.80 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiMnz             3515.27 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.179  +  0.034 ] 

                      =  0.248  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148-, POS =    J ) 

           -. Applied shear force : Vuy =         63.00 kN. 

                 Vuy                63.00 

           -. --------  =  ---------------  =  0.007  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        247.45 kN. 

                 Vuz               247.45 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107101,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =    15 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-2.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.938,  Flg Width   =      0.938,  Web Center  =      0.900 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.37145e-001,  Asy  = 7.14756e-002,  Asz  = 7.14756e-002 

         Ybar = 4.69000e-001,  Zbar = 4.69000e-001,  Qyb  = 3.03864e-001,  Qzb  = 3.03864e-001 

         Syy  = 3.95386e-002,  Szz  = 3.95386e-002,  Zyy  = 4.63089e-002,  Zzz  = 4.63089e-002 

         Iyy  = 1.85436e-002,  Izz  = 1.85436e-002,  Iyz  = 0.00000e+000 

         ry   = 3.67712e-001,  rz   = 3.67712e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35000e+000,  Lz   = 2.35000e+000,  Lb   = 2.35000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3352.81     -1115.20     -2396.33      -636.35     -1929.00 

           ------------------------------------------------------------------------------- 

            TOTAL           -3352.81     -1115.20     -2396.33      -636.35     -1929.00 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3352.81 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       16.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2134 

              Pey    =  (Area*Fy)/Lambda^2       =   821020.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       16.15 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2134 

              Pez    =  (Area*Fy)/Lambda^2       =   821020.49 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3352.81           -2396.33           -1929.00 

           ---------------------------------------------------------------- 

            TOTAL           -3352.81           -2396.33           -1929.00 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2396.33 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1929.00 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    16.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  821020.4862 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.350 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1092e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  821020.4862 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          21.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       36695.46 kN. 

           -. phiPn =  phi*Pn  =      33025.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3352.81 

           -. -------  =  ---------------  =          0.10  <  1.000  --->  O.K. 

               phiPn            33025.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8439.42 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8439.42 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2396.33 

           -. --------  =  ---------------  =  0.284  <  1.000  --->  O.K. 

               phiMny             8439.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8439.42 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8439.42 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8439.42 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1929.00 

           -. --------  =  ---------------  =  0.229  <  1.000  --->  O.K. 

               phiMnz             8439.42 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.051 + [  0.284  +  0.229 ] 

                      =  0.563  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =       1205.33 kN. 

                 Vuy              1205.33 

           -. --------  =  ---------------  =  0.105  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        617.13 kN. 

                 Vuz               617.13 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 107110,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78164e+000,  Lz   = 1.78164e+000,  Lb   = 1.78164e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -904.43      -709.05      -611.50      -298.79       -48.50 

           ------------------------------------------------------------------------------- 

            TOTAL            -904.43      -709.05      -611.50      -298.79       -48.50 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      904.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979397.89 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611495.43 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -904.43            -709.05            -298.79 

           ---------------------------------------------------------------- 

            TOTAL            -904.43            -709.05            -298.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -709.05 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -298.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979397.8865 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.782 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8532e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979397.8865 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.01 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.50 kN. 

           -. phiPn =  phi*Pn  =      20294.55 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                904.43 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.55 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                709.05 

           -. --------  =  ---------------  =  0.261  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                298.79 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.022 + [  0.261  +  0.091 ] 

                      =  0.375  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        263.27 kN. 

                 Vuy               263.27 

           -. --------  =  ---------------  =  0.038  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        631.10 kN. 

                 Vuz               631.10 

           -. --------  =  ---------------  =  0.104  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107111,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04457e+000,  Lz   = 1.04457e+000,  Lb   = 1.04457e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -961.32     -1262.61      -709.24      -528.03      -307.67 

           ------------------------------------------------------------------------------- 

            TOTAL            -961.32     -1262.61      -709.24      -528.03      -307.67 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      961.32 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.76 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2849236.97 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.27 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4688117.48 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -961.32            -709.24            -307.67 

           ---------------------------------------------------------------- 

            TOTAL            -961.32            -709.24            -307.67 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -709.24 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -307.67 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2849236.9672 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8665e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2849236.9672 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         125.13 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.96 kN. 

           -. phiPn =  phi*Pn  =      20424.57 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                961.32 

           -. -------  =  ---------------  =          0.05  <  1.000  --->  O.K. 

               phiPn            20424.57 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                709.24 

           -. --------  =  ---------------  =  0.261  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                307.67 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.024 + [  0.261  +  0.094 ] 

                      =  0.378  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        257.31 kN. 

                 Vuy               257.31 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        650.88 kN. 

                 Vuz               650.88 

           -. --------  =  ---------------  =  0.107  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107120,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78149e+000,  Lz   = 1.78149e+000,  Lb   = 1.78149e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3300.43      -923.87      -587.14      -268.79      -173.23 

           ------------------------------------------------------------------------------- 

            TOTAL           -3300.43      -923.87      -587.14      -268.79      -173.23 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3300.43 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979562.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611766.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3300.43            -923.87            -268.79 

           ---------------------------------------------------------------- 

            TOTAL           -3300.43            -923.87            -268.79 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -923.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -268.79 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979562.3684 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8548e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979562.3684 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.54 kN. 

           -. phiPn =  phi*Pn  =      20294.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3300.43 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            20294.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                923.87 

           -. --------  =  ---------------  =  0.341  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                268.79 

           -. --------  =  ---------------  =  0.082  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.081 + [  0.341  +  0.082 ] 

                      =  0.504  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        288.52 kN. 

                 Vuy               288.52 

           -. --------  =  ---------------  =  0.042  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        360.93 kN. 

                 Vuz               360.93 

           -. --------  =  ---------------  =  0.059  <  1.000  --->  O.K. 

               phiVnz             6094.42 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1141 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      *. PROJECT     :  

      *. MEMBER NO   = 107121,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04517e+000,  Lz   = 1.04517e+000,  Lb   = 1.04517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3305.04      -799.87      -923.96      -522.10      -275.07 

           ------------------------------------------------------------------------------- 

            TOTAL           -3305.04      -799.87      -923.96      -522.10      -275.07 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3305.04 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2845921.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682662.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3305.04            -923.96            -275.07 

           ---------------------------------------------------------------- 

            TOTAL           -3305.04            -923.96            -275.07 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -923.96 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -275.07 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2845921.8659 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8631e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2845921.8659 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.87 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3305.04 

           -. -------  =  ---------------  =          0.16  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                923.96 

           -. --------  =  ---------------  =  0.340  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                275.07 

           -. --------  =  ---------------  =  0.084  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.081 + [  0.340  +  0.084 ] 

                      =  0.505  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        283.38 kN. 

                 Vuy               283.38 

           -. --------  =  ---------------  =  0.034  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        237.23 kN. 

                 Vuz               237.23 

           -. --------  =  ---------------  =  0.039  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107130,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.14453e+000,  Lz   = 2.14453e+000,  Lb   = 2.14453e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1433.54      -518.01      -334.56      -467.37       -63.69 

           ------------------------------------------------------------------------------- 

            TOTAL           -1433.54      -518.01      -334.56      -467.37       -63.69 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1433.54 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       13.81 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1826 

              Pey    =  (Area*Fy)/Lambda^2       =   702846.36 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.38 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1372 

              Pez    =  (Area*Fy)/Lambda^2       =  1243801.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1433.54            -518.01            -467.37 

           ---------------------------------------------------------------- 

            TOTAL           -1433.54            -518.01            -467.37 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -518.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -467.37 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    13.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  702846.3643 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.145 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.4275e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  702846.3643 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          30.00 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23102.17 kN. 

           -. phiPn =  phi*Pn  =      20791.95 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1433.54 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20791.95 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.90 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.90 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                518.01 

           -. --------  =  ---------------  =  0.184  <  1.000  --->  O.K. 

               phiMny             2819.90 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.43 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.43 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.43 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                467.37 

           -. --------  =  ---------------  =  0.133  <  1.000  --->  O.K. 

               phiMnz             3511.43 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.034 + [  0.184  +  0.133 ] 

                      =  0.351  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        217.76 kN. 

                 Vuy               217.76 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        345.96 kN. 

                 Vuz               345.96 

           -. --------  =  ---------------  =  0.057  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107131,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.21709e-001,  Lz   = 8.21709e-001,  Lb   = 8.21709e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1454.93      -603.27      -516.01      -649.70      -482.09 

           ------------------------------------------------------------------------------- 

            TOTAL           -1454.93      -603.27      -516.01      -649.70      -482.09 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1454.93 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.29 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0700 

              Pey    =  (Area*Fy)/Lambda^2       =  4787280.13 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        3.98 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0526 

              Pez    =  (Area*Fy)/Lambda^2       =  8471876.77 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1454.93            -516.01            -482.09 

           ---------------------------------------------------------------- 

            TOTAL           -1454.93            -516.01            -482.09 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -516.01 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -482.09 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.3  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4787280.1327 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.822 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.3779e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4787280.1327 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         204.35 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23378.79 kN. 

           -. phiPn =  phi*Pn  =      21040.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1454.93 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21040.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.04 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.04 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                516.01 

           -. --------  =  ---------------  =  0.183  <  1.000  --->  O.K. 

               phiMny             2822.04 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                482.09 

           -. --------  =  ---------------  =  0.137  <  1.000  --->  O.K. 

               phiMnz             3515.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.035 + [  0.183  +  0.137 ] 

                      =  0.355  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        207.32 kN. 

                 Vuy               207.32 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        308.14 kN. 

                 Vuz               308.14 

           -. --------  =  ---------------  =  0.051  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107140,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.25796e+000,  Lz   = 2.25796e+000,  Lb   = 2.25796e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1653.98      -506.02      -289.02      -305.06      -220.85 

           ------------------------------------------------------------------------------- 

            TOTAL           -1653.98      -506.02      -289.02      -305.06      -220.85 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1653.98 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1922 

              Pey    =  (Area*Fy)/Lambda^2       =   634007.48 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.93 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1445 

              Pez    =  (Area*Fy)/Lambda^2       =  1121980.14 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1653.98            -506.02            -305.06 

           ---------------------------------------------------------------- 

            TOTAL           -1653.98            -506.02            -305.06 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -506.02 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -305.06 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  634007.4783 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.258 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.7979e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  634007.4783 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          27.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23067.20 kN. 

           -. phiPn =  phi*Pn  =      20760.48 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1653.98 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20760.48 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1163 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

 

      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.72 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.72 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.02 

           -. --------  =  ---------------  =  0.179  <  1.000  --->  O.K. 

               phiMny             2819.72 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.06 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.06 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.06 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                305.06 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMnz             3511.06 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.179  +  0.087 ] 

                      =  0.306  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        255.25 kN. 

                 Vuy               255.25 

           -. --------  =  ---------------  =  0.037  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        218.91 kN. 

                 Vuz               218.91 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107141,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 9.88841e-001,  Lz   = 9.88841e-001,  Lb   = 9.88841e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1659.19      -515.78      -506.76      -523.40      -305.43 

           ------------------------------------------------------------------------------- 

            TOTAL           -1659.19      -515.78      -506.76      -523.40      -305.43 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1659.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.37 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0842 

              Pey    =  (Area*Fy)/Lambda^2       =  3305768.50 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.79 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0633 

              Pez    =  (Area*Fy)/Lambda^2       =  5850099.12 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1659.19            -506.76            -305.43 

           ---------------------------------------------------------------- 

            TOTAL           -1659.19            -506.76            -305.43 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -506.76 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -305.43 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3305768.4953 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.989 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 3.0231e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3305768.4953 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         141.11 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23357.34 kN. 

           -. phiPn =  phi*Pn  =      21021.61 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1659.19 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21021.61 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.77 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.77 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                506.76 

           -. --------  =  ---------------  =  0.180  <  1.000  --->  O.K. 

               phiMny             2821.77 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.30 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.30 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.30 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                305.43 

           -. --------  =  ---------------  =  0.087  <  1.000  --->  O.K. 

               phiMnz             3515.30 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.039 + [  0.180  +  0.087 ] 

                      =  0.306  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        248.42 kN. 

                 Vuy               248.42 

           -. --------  =  ---------------  =  0.029  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        191.93 kN. 

                 Vuz               191.93 

           -. --------  =  ---------------  =  0.031  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107201,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =    15 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = F_0.0-2.5_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.938,  Flg Width   =      0.938,  Web Center  =      0.900 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.750,  Flg Width   =      0.750,  Web Center  =      0.712 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

        <Pos I>. 

         Area = 1.37145e-001,  Asy  = 7.14756e-002,  Asz  = 7.14756e-002 

         Ybar = 4.69000e-001,  Zbar = 4.69000e-001,  Qyb  = 3.03864e-001,  Qzb  = 3.03864e-001 

         Syy  = 3.95386e-002,  Szz  = 3.95386e-002,  Zyy  = 4.63089e-002,  Zzz  = 4.63089e-002 

         Iyy  = 1.85436e-002,  Izz  = 1.85436e-002,  Iyz  = 0.00000e+000 

         ry   = 3.67712e-001,  rz   = 3.67712e-001 

        <Pos J>. 

         Area = 1.08494e-001,  Asy  = 5.71500e-002,  Asz  = 5.71500e-002 

         Ybar = 3.75000e-001,  Zbar = 3.75000e-001,  Qyb  = 1.90232e-001,  Qzb  = 1.90232e-001 

         Syy  = 2.45076e-002,  Szz  = 2.45076e-002,  Zyy  = 2.89914e-002,  Zzz  = 2.89914e-002 

         Iyy  = 9.19037e-003,  Izz  = 9.19037e-003,  Iyz  = 0.00000e+000 

         ry   = 2.91048e-001,  rz   = 2.91048e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.35000e+000,  Lz   = 2.35000e+000,  Lb   = 2.35000e+000 

         Ky   = 2.00000e+000,  Kz   = 2.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -2919.30     -1094.02     -2492.85      -655.44     -1701.30 

           ------------------------------------------------------------------------------- 

            TOTAL           -2919.30     -1094.02     -2492.85      -655.44     -1701.30 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  0.850 (User defined or default value) 

           -. Cmz  =  0.850 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     2919.30 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       16.15 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.2134 

              Pey    =  (Area*Fy)/Lambda^2       =   821020.49 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        0.85 

              B1y  <  1.0  --->  B1y  =  1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       16.15 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.2134 

              Pez    =  (Area*Fy)/Lambda^2       =   821020.49 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        0.85 

              B1z  <  1.0  --->  B1z  =  1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -2919.30           -2492.85           -1701.30 

           ---------------------------------------------------------------- 

            TOTAL           -2919.30           -2492.85           -1701.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =    -2492.85 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =    -1701.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    16.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.67 m. 

           -. DTRf  =  Dflg/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.67 m. 

           -. DTRw  =  Dweb/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.67 m. 

           -. DTRf  =  Dflg/tw   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.67 m. 

           -. DTRw  =  Dweb/tf   =   17.69  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.108 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  37401.8498 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  821020.4862 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.350 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.1092e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  821020.4862 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          21.95 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       36695.46 kN. 

           -. phiPn =  phi*Pn  =      33025.91 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               2919.30 

           -. -------  =  ---------------  =          0.09  <  1.000  --->  O.K. 

               phiPn            33025.91 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       8439.42 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       8439.42 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy               2492.85 

           -. --------  =  ---------------  =  0.295  <  1.000  --->  O.K. 

               phiMny             8439.42 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       8439.42 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       8439.42 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       8439.42 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz               1701.30 

           -. --------  =  ---------------  =  0.202  <  1.000  --->  O.K. 

               phiMnz             8439.42 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.044 + [  0.295  +  0.202 ] 

                      =  0.541  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =      11427.03 kN. 

           -. Vny =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =       1118.85 kN. 

                 Vuy              1118.85 

           -. --------  =  ---------------  =  0.098  <  1.000  --->  O.K. 

               phiVny            11427.03 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =      11427.03 kN. 

           -. Vnz =  C*Vp  =      11427.03 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        600.28 kN. 

                 Vuz               600.28 

           -. --------  =  ---------------  =  0.053  <  1.000  --->  O.K. 

               phiVnz            11427.03 
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      *. PROJECT     :  

      *. MEMBER NO   = 107210,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78149e+000,  Lz   = 1.78149e+000,  Lb   = 1.78149e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3070.63      -862.87      -598.18      -307.72      -110.47 

           ------------------------------------------------------------------------------- 

            TOTAL           -3070.63      -862.87      -598.18      -307.72      -110.47 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3070.63 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979562.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611766.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3070.63            -862.87            -307.72 

           ---------------------------------------------------------------- 

            TOTAL           -3070.63            -862.87            -307.72 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -862.87 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -307.72 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979562.3684 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8548e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979562.3684 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.54 kN. 

           -. phiPn =  phi*Pn  =      20294.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3070.63 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20294.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                862.87 

           -. --------  =  ---------------  =  0.318  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                307.72 

           -. --------  =  ---------------  =  0.094  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.076 + [  0.318  +  0.094 ] 

                      =  0.487  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        280.51 kN. 

                 Vuy               280.51 

           -. --------  =  ---------------  =  0.041  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        327.49 kN. 

                 Vuz               327.49 

           -. --------  =  ---------------  =  0.054  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107211,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04517e+000,  Lz   = 1.04517e+000,  Lb   = 1.04517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -3072.19      -725.72      -862.91      -517.39      -311.56 

           ------------------------------------------------------------------------------- 

            TOTAL           -3072.19      -725.72      -862.91      -517.39      -311.56 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     3072.19 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2845921.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682662.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -3072.19            -862.91            -311.56 

           ---------------------------------------------------------------- 

            TOTAL           -3072.19            -862.91            -311.56 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -862.91 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -311.56 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2845921.8659 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8631e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2845921.8659 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.87 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               3072.19 

           -. -------  =  ---------------  =          0.15  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                862.91 

           -. --------  =  ---------------  =  0.318  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                311.56 

           -. --------  =  ---------------  =  0.095  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.075 + [  0.318  +  0.095 ] 

                      =  0.488  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151-, POS =    J ) 

           -. Applied shear force : Vuy =        274.47 kN. 

                 Vuy               274.47 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        243.33 kN. 

                 Vuz               243.33 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107220,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   173 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.78149e+000,  Lz   = 1.78149e+000,  Lb   = 1.78149e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -840.59      -661.77      -558.03      -293.97       -81.64 

           ------------------------------------------------------------------------------- 

            TOTAL            -840.59      -661.77      -558.03      -293.97       -81.64 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      840.59 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       11.54 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1525 

              Pey    =  (Area*Fy)/Lambda^2       =   979562.37 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        8.99 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1189 

              Pez    =  (Area*Fy)/Lambda^2       =  1611766.07 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -840.59            -661.77            -293.97 

           ---------------------------------------------------------------- 

            TOTAL            -840.59            -661.77            -293.97 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -661.77 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -293.97 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    11.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 5. DISEÑO DE COLUMNAS DE ACERO  

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 1192 DE 1224 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - Steel Code Checking [ AASHTO-LRFD12 ]                        Version 8.8.5 

========================================================================================== 

 

           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  979562.3684 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.781 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 9.8548e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  979562.3684 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          43.02 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22549.54 kN. 

           -. phiPn =  phi*Pn  =      20294.58 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                840.59 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20294.58 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2712.54 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2712.54 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.77 

           -. --------  =  ---------------  =  0.244  <  1.000  --->  O.K. 

               phiMny             2712.54 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3285.85 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3285.85 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3285.85 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                293.97 

           -. --------  =  ---------------  =  0.089  <  1.000  --->  O.K. 

               phiMnz             3285.85 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.244  +  0.089 ] 

                      =  0.354  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        272.36 kN. 

                 Vuy               272.36 

           -. --------  =  ---------------  =  0.040  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    I ) 

           -. Applied shear force : Vuz =        564.75 kN. 

                 Vuz               564.75 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107221,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   152-,  MATERIAL NO  =     3,  SECTION NO =   171 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Transv_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.640,  Flg Width   =      0.598,  Web Center  =      0.560 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.543,  Web Center  =      0.505 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

        <Pos I>. 

         Area = 8.85292e-002,  Asy  = 4.55676e-002,  Asz  = 4.87680e-002 

         Ybar = 2.99000e-001,  Zbar = 3.20000e-001,  Qyb  = 1.29718e-001,  Qzb  = 1.23618e-001 

         Syy  = 1.64707e-002,  Szz  = 1.58198e-002,  Zyy  = 1.97690e-002,  Zzz  = 1.88394e-002 

         Iyy  = 5.27063e-003,  Izz  = 4.73011e-003,  Iyz  = 0.00000e+000 

         ry   = 2.43999e-001,  rz   = 2.31149e-001 

        <Pos J>. 

         Area = 6.60502e-002,  Asy  = 4.13766e-002,  Asz  = 3.04800e-002 

         Ybar = 2.71500e-001,  Zbar = 2.00000e-001,  Qyb  = 6.22337e-002,  Qzb  = 7.77278e-002 

         Syy  = 7.87687e-003,  Szz  = 9.54736e-003,  Zyy  = 9.48442e-003,  Zzz  = 1.18457e-002 

         Iyy  = 1.57537e-003,  Izz  = 2.59211e-003,  Iyz  = 0.00000e+000 

         ry   = 1.54438e-001,  rz   = 1.98102e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.04517e+000,  Lz   = 1.04517e+000,  Lb   = 1.04517e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =152- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES      -860.56     -1159.46      -661.80      -481.63      -298.78 

           ------------------------------------------------------------------------------- 

            TOTAL            -860.56     -1159.46      -661.80      -481.63      -298.78 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =      860.56 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.77 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0894 

              Pey    =  (Area*Fy)/Lambda^2       =  2845921.87 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        5.28 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0697 

              Pez    =  (Area*Fy)/Lambda^2       =  4682662.83 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES      -860.56            -661.80            -298.78 

           ---------------------------------------------------------------- 

            TOTAL            -860.56            -661.80            -298.78 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -661.80 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -298.78 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.8  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.47 m. 

           -. DTRf  =  Dflg/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.47 m. 

           -. DTRw  =  Dweb/tf   =   12.25  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.066 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  22769.9982 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 2845921.8659 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.045 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.8631e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 2845921.8659 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         124.99 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       22693.87 kN. 

           -. phiPn =  phi*Pn  =      20424.49 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu                860.56 

           -. -------  =  ---------------  =          0.04  <  1.000  --->  O.K. 

               phiPn            20424.49 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2713.75 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2713.75 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                661.80 

           -. --------  =  ---------------  =  0.244  <  1.000  --->  O.K. 

               phiMny             2713.75 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3288.12 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3288.12 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3288.12 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                298.78 

           -. --------  =  ---------------  =  0.091  <  1.000  --->  O.K. 

               phiMnz             3288.12 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.021 + [  0.244  +  0.091 ] 

                      =  0.356  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8273.17 kN. 

           -. Vny =  C*Vp  =       8273.17 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuy =        266.79 kN. 

                 Vuy               266.79 

           -. --------  =  ---------------  =  0.032  <  1.000  --->  O.K. 

               phiVny             8273.17 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuz =        609.47 kN. 

                 Vuz               609.47 

           -. --------  =  ---------------  =  0.100  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107230,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.19577e+000,  Lz   = 2.19577e+000,  Lb   = 2.19577e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1520.76      -527.64      -293.45      -325.70      -176.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -1520.76      -527.64      -293.45      -325.70      -176.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1520.76 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.14 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1869 

              Pey    =  (Area*Fy)/Lambda^2       =   670428.01 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       10.63 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1405 

              Pez    =  (Area*Fy)/Lambda^2       =  1186432.24 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1520.76            -527.64            -325.70 

           ---------------------------------------------------------------- 

            TOTAL           -1520.76            -527.64            -325.70 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -527.64 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -325.70 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.1  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  670428.0106 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.196 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 6.1310e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  670428.0106 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          28.62 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23086.59 kN. 

           -. phiPn =  phi*Pn  =      20777.93 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1520.76 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            20777.93 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.82 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.82 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                527.64 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             2819.82 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3511.26 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3511.26 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3511.26 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                325.70 

           -. --------  =  ---------------  =  0.093  <  1.000  --->  O.K. 

               phiMnz             3511.26 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.037 + [  0.187  +  0.093 ] 

                      =  0.316  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        165.19 kN. 

                 Vuy               165.19 

           -. --------  =  ---------------  =  0.024  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        288.99 kN. 

                 Vuz               288.99 

           -. --------  =  ---------------  =  0.047  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107231,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 8.36777e-001,  Lz   = 8.36777e-001,  Lb   = 8.36777e-001 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1532.57      -555.57      -527.74      -431.44      -336.03 

           ------------------------------------------------------------------------------- 

            TOTAL           -1532.57      -555.57      -527.74      -431.44      -336.03 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1532.57 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        5.39 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0712 

              Pey    =  (Area*Fy)/Lambda^2       =  4616428.67 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.05 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0535 

              Pez    =  (Area*Fy)/Lambda^2       =  8169527.09 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1532.57            -527.74            -336.03 

           ---------------------------------------------------------------- 

            TOTAL           -1532.57            -527.74            -336.03 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -527.74 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -336.03 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     5.4  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 4616428.6653 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      0.837 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 4.2217e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 4616428.6653 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         197.06 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23377.02 kN. 

           -. phiPn =  phi*Pn  =      21039.32 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1532.57 

           -. -------  =  ---------------  =          0.07  <  1.000  --->  O.K. 

               phiPn            21039.32 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2822.01 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2822.01 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                527.74 

           -. --------  =  ---------------  =  0.187  <  1.000  --->  O.K. 

               phiMny             2822.01 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.80 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.80 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.80 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                336.03 

           -. --------  =  ---------------  =  0.096  <  1.000  --->  O.K. 

               phiMnz             3515.80 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.036 + [  0.187  +  0.096 ] 

                      =  0.319  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152+, POS =    J ) 

           -. Applied shear force : Vuy =        160.36 kN. 

                 Vuy               160.36 

           -. --------  =  ---------------  =  0.019  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        259.28 kN. 

                 Vuz               259.28 

           -. --------  =  ---------------  =  0.043  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107240,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   174 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Sup_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos I> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.450,  Web Center  =      0.412 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos I> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos J>. 

         Area = 5.89636e-002,  Asy  = 3.42900e-002,  Asz  = 3.04800e-002 

         Ybar = 2.25000e-001,  Zbar = 2.00000e-001,  Qyb  = 5.38196e-002,  Qzb  = 5.86558e-002 

         Syy  = 6.71240e-003,  Szz  = 7.23630e-003,  Zyy  = 8.20210e-003,  Zzz  = 8.93914e-003 

         Iyy  = 1.34248e-003,  Izz  = 1.62817e-003,  Iyz  = 0.00000e+000 

         ry   = 1.50891e-001,  rz   = 1.66172e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 2.30656e+000,  Lz   = 2.30656e+000,  Lb   = 2.30656e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1670.12      -491.90      -261.24      -275.30      -177.74 

           ------------------------------------------------------------------------------- 

            TOTAL           -1670.12      -491.90      -261.24      -275.30      -177.74 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1670.12 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =       14.86 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.1964 

              Pey    =  (Area*Fy)/Lambda^2       =   607569.60 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =       11.17 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.1476 

              Pez    =  (Area*Fy)/Lambda^2       =  1075193.97 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <I>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1670.12            -491.90            -275.30 

           ---------------------------------------------------------------- 

            TOTAL           -1670.12            -491.90            -275.30 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -491.90 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -275.30 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =    14.9  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  =  607569.5958 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      2.307 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 5.5562e+037 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  =  607569.5958 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =          25.93 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23051.69 kN. 

           -. phiPn =  phi*Pn  =      20746.52 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1670.12 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            20746.52 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2819.64 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2819.64 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                491.90 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMny             2819.64 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3510.89 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3510.89 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3510.89 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                275.30 

           -. --------  =  ---------------  =  0.078  <  1.000  --->  O.K. 

               phiMnz             3510.89 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.174  +  0.078 ] 

                      =  0.293  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       6856.22 kN. 

           -. Vny =  C*Vp  =       6856.22 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        193.96 kN. 

                 Vuy               193.96 

           -. --------  =  ---------------  =  0.028  <  1.000  --->  O.K. 

               phiVny             6856.22 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 151+, POS =    J ) 

           -. Applied shear force : Vuz =        222.43 kN. 

                 Vuz               222.43 

           -. --------  =  ---------------  =  0.036  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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      *. PROJECT     :  

      *. MEMBER NO   = 107241,  ELEMENT TYPE = Beam 

      *. LOADCOMB NO =   151-,  MATERIAL NO  =     3,  SECTION NO =   172 

      *. UNIT SYSTEM : kN, m 

 

      *. SECTION PROPERTIES : Designation = R_Long_Inf_(1-1/2") 

         Shape     = B - Section. (Tapered) 

        <Pos J> (Checking Position). 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos I>. 

         Depth     =      0.580,  Flg Width   =      0.615,  Web Center  =      0.577 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

        <Pos J>. 

         Depth     =      0.400,  Flg Width   =      0.568,  Web Center  =      0.530 

         Web Thick =      0.038,  Top F Thick =      0.038,  Bot.F Thick =      0.038 

 

        <Pos J> (Checking Position). 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

        <Pos I>. 

         Area = 8.52526e-002,  Asy  = 4.68630e-002,  Asz  = 4.41960e-002 

         Ybar = 3.07500e-001,  Zbar = 2.90000e-001,  Qyb  = 1.15044e-001,  Qzb  = 1.19939e-001 

         Syy  = 1.46829e-002,  Szz  = 1.52060e-002,  Zyy  = 1.75327e-002,  Zzz  = 1.82787e-002 

         Iyy  = 4.25805e-003,  Izz  = 4.67585e-003,  Iyz  = 0.00000e+000 

         ry   = 2.23487e-001,  rz   = 2.34194e-001 

        <Pos J>. 

         Area = 6.79552e-002,  Asy  = 4.32816e-002,  Asz  = 3.04800e-002 

         Ybar = 2.84000e-001,  Zbar = 2.00000e-001,  Qyb  = 6.44956e-002,  Qzb  = 8.32234e-002 

         Syy  = 8.18989e-003,  Szz  = 1.02066e-002,  Zyy  = 9.82913e-003,  Zzz  = 1.26832e-002 

         Iyy  = 1.63798e-003,  Izz  = 2.89867e-003,  Iyz  = 0.00000e+000 

         ry   = 1.55254e-001,  rz   = 2.06532e-001 

 

      *. DESIGN PARAMETERS FOR STRENGTH EVALUATION : 

         Ly   = 1.00715e+000,  Lz   = 1.00715e+000,  Lb   = 1.00715e+000 

         Ky   = 1.00000e+000,  Kz   = 1.00000e+000 

 

      *. MATERIAL PROPERTIES : 

         Fy   = 3.44738e+005,  Es   = 1.99948e+008,  MATERIAL NAME  = A709-50 

 

 

====================================================================================== 

   [[[*]]]   COMPUTE MOMENT MAGNIFICATION FACTORS AND MAGNIFIED MOMENTS. 

====================================================================================== 
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      ( ). Factored force/moments caused by unit load case. 

           *.Load combination ID =151- 

           ------------------------------------------------------------------------------- 

            Load Case             Pu          Myi          Myj          Mzi          Mzj   

           ------------------------------------------------------------------------------- 

            DL                  0.00         0.00         0.00         0.00         0.00 

            LL                  0.00         0.00         0.00         0.00         0.00 

            DL+LL               0.00         0.00         0.00         0.00         0.00 

            OTHER CASES     -1678.38      -515.55      -491.89      -443.84      -279.25 

           ------------------------------------------------------------------------------- 

            TOTAL           -1678.38      -515.55      -491.89      -443.84      -279.25 

           ------------------------------------------------------------------------------- 

           *.Member end moments caused by gravity load(DL+LL). 

             My1G =         0.00,   My2G =         0.00 

             Mz1G =         0.00,   Mz2G =         0.00 

 

      ( ). Compute equivalent moment factor (Cmy, Cmz). 

           -. Cmy  =  1.000 (User defined or default value) 

           -. Cmz  =  1.000 (User defined or default value) 

 

      ( ). Compute moment magnification factors(B1y,B1z). 

           -. Pu     =  Pu(DL+LL) + Pu(WL(EL))   =     1678.38 kN. 

           -. About major(Local-y) axis. 

              SLENy  =  Ky*Ly/ry                 =        6.49 

              Lambda =  (SLENy/pi)*SQRT(Fy/Es)   =      0.0857 

              Pey    =  (Area*Fy)/Lambda^2       =  3186662.11 kN. 

              B1y    =  Cmy / (1-Pu/(0.9*Pey))   =        1.00 

           -. About minor(Local-z) axis. 

              SLENz  =  Kz*Lz/rz                 =        4.88 

              Lambda =  (SLENz/pi)*SQRT(Fy/Es)   =      0.0645 

              Pez    =  (Area*Fy)/Lambda^2       =  5639320.85 kN. 

              B1z    =  Cmz / (1-Pu/(0.9*Pez))   =        1.00 

 

      ( ). Magnification factors for sidesway moments(B2y,B2z). 

           -. B2y   =  1.00 (Default value) 

           -. B2z   =  1.00 (Default value) 

 

      ( ). Given factored axial forces and moments at <J>. 

           ---------------------------------------------------------------- 

            Load Case             Pu                 My                 Mz  

           ---------------------------------------------------------------- 

            DL                  0.00               0.00               0.00 

            LL                  0.00               0.00               0.00 

            DL+LL               0.00               0.00               0.00 

            OTHER CASES     -1678.38            -491.89            -279.25 

           ---------------------------------------------------------------- 

            TOTAL           -1678.38            -491.89            -279.25 

           ---------------------------------------------------------------- 
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      ( ). Compute magnified moments. 

           -. Muy   =  B1y*My(DL+LL) + B2y*My(OTHERS) =     -491.89 kN-m. 

           -. Muz   =  B1z*Mz(DL+LL) + B2z*Mz(OTHERS) =     -279.25 kN-m. 

 

====================================================================================== 

   [[[*]]]   CHECK AXIAL STRENGTH. 

====================================================================================== 

 

      ( ). Check slenderness ratio of axial compression member (Kl/r). 

           [ AASHTO-LRFD12 Specification 6.9.3 ] 

           -. Kl/r  =     6.5  <   120.0  --->  O.K. 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about y-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  Cw - tw   =    0.49 m. 

           -. DTRf  =  Dflg/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 

           -. Dweb  =  H-tf1-tf2 =    0.32 m. 

           -. DTRw  =  Dweb/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa1 =  A_eff/Area  =   1.000  (about y-axis). 

 

      --------------------------------------------------------------------------- 

      [*]  Calculate Qa about z-axis (Sqaure and rectangular section). 

      --------------------------------------------------------------------------- 

 

      ( ). Check width-thickness ratio of flange of box (BTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.40*SQRT[Es/Fy]  =   33.72 

           -. Dflg  =  H-tf1-tf2 =    0.32 m. 

           -. DTRf  =  Dflg/tw   =    8.50  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Check width-thickness ratio of web of box (DTR). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Lambda_r  =  1.49*SQRT[Es/Fy]  =   35.88 
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           -. Dweb  =  Cw - tw   =    0.49 m. 

           -. DTRw  =  Dweb/tf   =   12.91  <  Lambda_r  --->  NON-SLENDER SECTION ! 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. A_eff  =  Area - 2(Dflg-Bef)*tf - 2(Dweb-Bew)*tw  =      0.068 m^2. 

           -. Qa2 =  A_eff/Area  =   1.000  (about z-axis). 

 

      ( ). Calculate reduction factor of stiffened elements (Qa). 

           -. Qa  =  1.0 (Stiffened elements are not Slender.) 

 

      ( ). Full reduction factor for slender section (QsQa). 

           [ AASHTO-LRFD12 Specification 6.9.4.2 ] 

           -. Q  =  Qs*Qa  =   1.000 

 

           -. Po  =  Q*Fy*Area  =  23426.7240 kN. 

 

      ( ). Calculate Flexural Buckling Resistance (Pe_FB). 

           [ AASHTO-LRFD12 Specification 6.9.4.1] 

                       pi^2 * E           

           -. Pe_FB = -----------Area  = 3186662.1081 kN. 

                       (Kl/r)^2           

 

      ( ). Torsional and flexural-torsional buckling resistance (Pe_FTB) 

           [  AASHTO-LRFD12 Specification 6.9.4.1 (6.9.4.1.3-1) ] 

           -. Doubly symmetric shape 

           -. Gs   =  7.6903e+007 KPa. 

           -. Kx   =      1.00 (Conservatively taken value). 

           -. L    =      1.007 m. 

           -. Pe_FTB   = [Pi^2*E*Cwp/(Kx*L)^2 + Gs*J]*Aera/(Iyy+Izz)  = 2.9142e+038 kN. 

 

      ( ).  Elastic Critical Buckling Resistance (Pe). 

           -. Pe = min[Pe_FB, Pe_FTB ]  = 3186662.1081 kN. 

 

      ( ). Calculate axial compressive strength (phiPn). 

           [ AASHTO-LRFD12 Specification 6.9.4.1.1 ] 

           -. phi   =           0.90 

           -. Pe/Po =         136.03 >= 0.44  

           -. Pn    = [0.658^(Po/Pe)]*Po =       23354.75 kN. 

           -. phiPn =  phi*Pn  =      21019.28 kN. 

 

      ( ). Check ratio of axial strength (Pu/phiPn). 

                Pu               1678.38 

           -. -------  =  ---------------  =          0.08  <  1.000  --->  O.K. 

               phiPn            21019.28 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MAJOR AXIS. 

====================================================================================== 
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      ( ). Compute nominal flexural strength(Mny). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mny  =  Fy*Syy*[1 - (0.064Fy*Syy*Lb)/(A*E)*(SUM(b/t)/Izz)^0.5]  =       2821.74 kN-m. 

 

      ( ). Compute flexural strength about major axis (phiMny). 

           [ AASHTO-LRFD12 Specification 6.12.1.2.1-1 ] 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMny  =  phi*Mny  =       2821.74 kN-m. 

 

      ( ). Check ratio of flexural strength (Muy/phiMny). 

                Muy                491.89 

           -. --------  =  ---------------  =  0.174  <  1.000  --->  O.K. 

               phiMny             2821.74 

 

====================================================================================== 

   [[[*]]]   CHECK FLEXURAL STRENGTH ABOUT MINOR AXIS. 

====================================================================================== 

 

      ( ). Compute nominal flexural strength(Mnz). 

           [ AASHTO-LRFD12 Specification 6.12.2.2.2-1] 

           -. Mnz  =  Fy*Szz*[1 - (0.064Fy*Szz*Lb)/(A*E)*(SUM(b/t)/Iyy)^0.5]  =       3515.23 kN-m. 

 

      ( ). Compute flexural strength about minor axis (phiMnz). 

           -. Mnz  =       3515.23 kN-m. 

           -. Resistance factor for flexure  :  phi = 1.00 

           -. phiMnz  =  phi*Mnz  =       3515.23 kN-m. 

 

      ( ). Check ratio of flexural strength (Muz/phiMnz). 

                Muz                279.25 

           -. --------  =  ---------------  =  0.079  <  1.000  --->  O.K. 

               phiMnz             3515.23 

 

====================================================================================== 

   [[[*]]]   CHECK INTERACTION OF COMBINED STRENGTH. 

====================================================================================== 

 

      ( ). Check interaction ratio of combined strength. 

           [ AASHTO-LRFD12 Specification 6.9.2.2 ] 

           -. Pu/phiPn  <  0.20  --->  Formula(6.9.2.2-2) 

                            Pu       [    Muy        Muz   ] 

           -. ComRat  =  --------- + [ -------- + -------- ] 

                          2*phiPn    [  phiMny     phiMnz  ] 

                      =  0.040 + [  0.174  +  0.079 ] 

                      =  0.294  <  1.000  --->  O.K. 

 

====================================================================================== 

   [[[*]]]   CHECK SHEAR STRENGTH. 

====================================================================================== 
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      ( ). Calculate nominal shear strength in local-y direction (Vny). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asy  =       8654.07 kN. 

           -. Vny =  C*Vp  =       8654.07 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 152-, POS =    J ) 

           -. Applied shear force : Vuy =        188.85 kN. 

                 Vuy               188.85 

           -. --------  =  ---------------  =  0.022  <  1.000  --->  O.K. 

               phiVny             8654.07 

 

      ( ). Calculate nominal shear strength in local-z direction (Vnz). 

           [AASHTO-LRFD12 Specification 6.10.9.2] 

           -. Resistance factor for shear  :  phi = 1.00 

           -. C   =    1.00 

           -. Vp  =  0.58*Fyw*Asz  =       6094.42 kN. 

           -. Vnz =  C*Vp  =       6094.42 kN. 

 

      ( ). Check ratio of shear strength (Vu/phiVn). 

           ( LCB = 148+, POS =    J ) 

           -. Applied shear force : Vuz =        200.00 kN. 

                 Vuz               200.00 

           -. --------  =  ---------------  =  0.033  <  1.000  --->  O.K. 

               phiVnz             6094.42 
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APÉNDICE: 

9. DISEÑO DE VIGAS DE ATADO 
A continuación, se incluyen los listados de comprobación de las vigas deatado de concreto, para los 

modelos de cálculo del tramo 1 y tramo 2 de la calzada peatonal. 

9.1. CALZADA PEATONAL TRAMO 1 
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       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  RC-Member(Beam or Column) Analysis and Design             | 
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       +============================================================+ 
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       +============================================================+ 
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    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

       3  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

      10  2   Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) 

      13  2        PL01d_ext( 4.300) +     PL01i_ext( 4.300) +     PL01d_int( 4.300) 

             +     PL01i_int( 4.300) +     PL02d_ext( 4.300) +     PL02i_ext( 4.300) 

             +     PL02d_int( 4.300) +     PL02i_int( 4.300) +     PL03d_ext( 4.300) 

             +     PL03i_ext( 4.300) +     PL03d_int( 4.300) +     PL03i_int( 4.300) 

             +     PL04d_ext( 4.300) +     PL04i_ext( 4.300) +     PL04d_int( 4.300) 

             +     PL04i_int( 4.300) +     PL05d_ext( 4.300) +     PL05i_ext( 4.300) 

             +     PL05d_int( 4.300) +     PL05i_int( 4.300) +     PL06d_ext( 4.300) 

             +     PL06i_ext( 4.300) +     PL06d_int( 4.300) +     PL06i_int( 4.300) 

             +     PL07d_ext( 4.300) +     PL07i_ext( 4.300) +     PL07d_int( 4.300) 

             +     PL07i_int( 4.300) +     PL08d_ext( 4.300) +     PL08i_ext( 4.300) 

             +     PL08d_int( 4.300) +     PL08i_int( 4.300) +     PL09d_ext( 4.300) 

             +     PL09i_ext( 4.300) +     PL09d_int( 4.300) +     PL09i_int( 4.300) 

             +     PL10d_ext( 4.300) +     PL10i_ext( 4.300) +     PL10d_int( 4.300) 

             +     PL10i_int( 4.300) 

     18+  2       PL01d-ext_( 1.000) +    PL01i-ext_( 1.000) +    PL01d-int_( 1.000) 

             +    PL01i-int_( 1.000) 

     18-  2       PL01d-ext_( 1.000) +    PL01i-ext_( 1.000) +    PL01d-int_( 1.000) 

             +    PL01i-int_( 1.000) 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 
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             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
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             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 
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      68  2              TG+( -0.500) 

    147+  2           SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    147-  2           SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 9. DISEÑO DE VIGAS DE ATADO 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 8 DE 44 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Beam Checking   [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 

SECRETARÍA DE OBRAS Y 

SERVICIOS 
Dirección General de Obras Para el 

Transporte 

  TÍTULO: 

APÉNDICE 9. DISEÑO DE VIGAS DE ATADO 

 

 

No. Clave:                       DGOT-20-EST-III-0116-00317-M-00 

 
HOJA: 9 DE 44 

 

 

------------------------------------------------------------------------------------------ 

 MIDAS/Civil - RC-Beam Checking   [ AASHTO-LRFD12 ]                             Civil 2020 

========================================================================================== 

 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
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             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    155+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        WS_ENV( 0.300) +        TG_ENV( 0.500) 

             +        SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    155-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        WS_ENV( 0.300) +        TG_ENV( 0.500) 

             +        SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 
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             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    156+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 5.590) 

             +    PL01i-ext_( 5.590) +    PL01d-int_( 5.590) +    PL01i-int_( 5.590) 

             +    PL02d-ext_( 5.590) +    PL02i-ext_( 5.590) +    PL02d-int_( 5.590) 

             +    PL02i-int_( 5.590) +    PL03d-ext_( 5.590) +    PL03i-ext_( 5.590) 

             +    PL03d-int_( 5.590) +    PL03i-int_( 5.590) +    PL04d-ext_( 5.590) 

             +    PL04i-ext_( 5.590) +    PL04d-int_( 5.590) +    PL04i-int_( 5.590) 

             +    PL05d-ext_( 5.590) +    PL05i-ext_( 5.590) +    PL05d-int_( 5.590) 

             +    PL05i-int_( 5.590) +    PL06d-ext_( 5.590) +    PL06i-ext_( 5.590) 

             +    PL06d-int_( 5.590) +    PL06i-int_( 5.590) +    PL07d-ext_( 5.590) 

             +    PL07i-ext_( 5.590) +    PL07d-int_( 5.590) +    PL07i-int_( 5.590) 

             +    PL08d-ext_( 5.590) +    PL08i-ext_( 5.590) +    PL08d-int_( 5.590) 

             +    PL08i-int_( 5.590) +    PL09d-ext_( 5.590) +    PL09i-ext_( 5.590) 

             +    PL09d-int_( 5.590) +    PL09i-int_( 5.590) +    PL10d-ext_( 5.590) 

             +    PL10i-ext_( 5.590) +    PL10d-int_( 5.590) +    PL10i-int_( 5.590) 

             +        TU_ENV( 1.200) 

    156-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 5.590) 

             +    PL01i-ext_( 5.590) +    PL01d-int_( 5.590) +    PL01i-int_( 5.590) 

             +    PL02d-ext_( 5.590) +    PL02i-ext_( 5.590) +    PL02d-int_( 5.590) 

             +    PL02i-int_( 5.590) +    PL03d-ext_( 5.590) +    PL03i-ext_( 5.590) 

             +    PL03d-int_( 5.590) +    PL03i-int_( 5.590) +    PL04d-ext_( 5.590) 

             +    PL04i-ext_( 5.590) +    PL04d-int_( 5.590) +    PL04i-int_( 5.590) 

             +    PL05d-ext_( 5.590) +    PL05i-ext_( 5.590) +    PL05d-int_( 5.590) 

             +    PL05i-int_( 5.590) +    PL06d-ext_( 5.590) +    PL06i-ext_( 5.590) 

             +    PL06d-int_( 5.590) +    PL06i-int_( 5.590) +    PL07d-ext_( 5.590) 

             +    PL07i-ext_( 5.590) +    PL07d-int_( 5.590) +    PL07i-int_( 5.590) 

             +    PL08d-ext_( 5.590) +    PL08i-ext_( 5.590) +    PL08d-int_( 5.590) 

             +    PL08i-int_( 5.590) +    PL09d-ext_( 5.590) +    PL09i-ext_( 5.590) 

             +    PL09d-int_( 5.590) +    PL09i-int_( 5.590) +    PL10d-ext_( 5.590) 

             +    PL10i-ext_( 5.590) +    PL10d-int_( 5.590) +    PL10i-int_( 5.590) 

             +        TU_ENV( 1.200) 

    157+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
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             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    157-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    158+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 0.700) +        SE01a_( 1.000) +        SE01b_( 1.000) 

             +        SE02a_( 1.000) +        SE02b_( 1.000) +        SE03a_( 1.000) 

             +        SE03b_( 1.000) +        SE04a_( 1.000) +        SE04b_( 1.000) 

             +        SE05a_( 1.000) +        SE05b_( 1.000) +        SE06a_( 1.000) 

             +        SE06b_( 1.000) +        SE07a_( 1.000) +        SE07b_( 1.000) 

             +        SE08a_( 1.000) +        SE08b_( 1.000) +        SE09a_( 1.000) 

             +        SE09b_( 1.000) +        SE10a_( 1.000) +        SE10b_( 1.000) 

             +        SE11a_( 1.000) +        SE11b_( 1.000) 

    158-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 0.700) +        SE01a_( 1.000) +        SE01b_( 1.000) 

             +        SE02a_( 1.000) +        SE02b_( 1.000) +        SE03a_( 1.000) 

             +        SE03b_( 1.000) +        SE04a_( 1.000) +        SE04b_( 1.000) 

             +        SE05a_( 1.000) +        SE05b_( 1.000) +        SE06a_( 1.000) 

             +        SE06b_( 1.000) +        SE07a_( 1.000) +        SE07b_( 1.000) 

             +        SE08a_( 1.000) +        SE08b_( 1.000) +        SE09a_( 1.000) 

             +        SE09b_( 1.000) +        SE10a_( 1.000) +        SE10b_( 1.000) 
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             +        SE11a_( 1.000) +        SE11b_( 1.000) 

    159+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_1.0X/0.3Y( 1.000) 

    159-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_1.0X/0.3Y( 1.000) 

    160+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_0.3X/1.0Y( 1.000) 

    160-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
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             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_0.3X/1.0Y( 1.000) 

     162  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) 

-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-BEAM Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = BEAM,   MEMB =112000 

 

      *.DESCRIPTION OF BEAM DATA (iSEC =    65) : Viga_120x100 

        Section Type : Rectangle (RECT) 

        Beam Length (Span)             =         8.500 m. 

        Section Depth (Hc)             =         1.000 m. 

        Section Width (Bc)             =         1.200 m. 

        Concrete Strength (fc')        =     27579.038 KPa. 

        Main Rebar Strength (fy)       =    413685.566 KPa. 

        Stirrups Strength (fys)        =    413685.566 KPa. 

        Modulus of Elasticity (Es)     = 199948023.746 KPa. 

 

      *.FORCES AND MOMENTS AT CHECK POINT <I> : 

        Positive Bending Moment   P-Mu =     5072.86 kN-m.,  LCB =152+ 

        Negative Bending Moment   N-Mu =     5317.52 kN-m.,  LCB =152- 

        Shear Force               Vu   =     1358.63 kN.  ,  LCB =152- 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------- 

           Location    i     di( m.)       Rebar    Asi( m^2.) 

        --------------------------------------------------------- 

           Top         1      0.085       11-#10      0.00901 

           Top         2      0.115       11-#10      0.00901 

           Top         3      0.200        2- #8      0.00102 

           Top         4      0.300        2- #8      0.00102 

           Top         5      0.400        2- #8      0.00102 

           Bottom      1      0.085       11-#10      0.00901 

           Bottom      2      0.115       11-#10      0.00901 

           Bottom      3      0.200        2- #8      0.00102 

           Bottom      4      0.300        2- #8      0.00102 

           Bottom      5      0.400        2- #8      0.00102 

        --------------------------------------------------------- 

           Stirrups : 6.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   ANALYZE NEGATIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0276 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 
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      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.968  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE POSITIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0258 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 

 

      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.923  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY. 

 =============================================================================== 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  36.14 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.90 

 

      ( ). Compute shear strength of concrete. 

           -. Vu     =     1358.63 kN. 

           -. Vc     = 0.0316*beta*SQRT[fc']*bv*dv =      777.44 kN. 

           -. phiVc  = phi * Vc =      699.70 kN. 

           -. Vn_lim = 0.25*fc'*bv*dv =     6485.70 kN. 

 

      ( ). Compute stirrup spacing. 

           -. Maximum spacing smax = MIN[ 0.8*dv, 24 in ] =    0.610 m. 

           -. Vu > phiVc  --->  Required shear reinforcement. 

           -.                 smax = MIN[ smax, Av/(0.0316*SQRT(fc')*bv/fys) ] =    0.610 m. 

           -. Applied spacing s    =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vs      = Av*fys*dv*cot(theta) / s =     3551.98 kN. 

           -. Vs_lim  = 0.25*fc'*bv*dv - Vc =     5708.26 kN. 

           -. Vs      = MIN[ Vs, Vs_lim ] =     3551.98 kN. 

           -. phiVs   = phi*Vs =     3196.78 kN. 

 

           -. phiVs > (Vu-phiVc)  --->  O.K ! 

           -. Using Av/s  =  Vs / (fys*dv*cot(theta)) =   0.0080 m^2/m. 

 

      ( ). Check tension force in the longitudinal reinforcement caused by shear. 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1     =  MIN[ Vs, Vu/phiv ] =     1509.59 kN. 

           -. As_req  =  [ Mu/(phib*dv) + (Vu/phiv - 0.5*Vs1)*cot(theta) ] / fy =   0.0207 m^2. 

           -. As      =   0.0211 m^2. 

           -. As_req < As  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE TORSION CAPACITY. 

 =============================================================================== 

 

      ( ). Compute torsion parameter. 

           -. phi   =   0.90 

           -. Acp   =       1.20 m^2. 

           -. Pc    =       4.40 m. 

           -. Aoh   =       1.00 m^2. 

           -. Ao    =  0.85*Aoh =      0.85 m^2. 

           -. Ph    =       4.04 m. 

           -. Tu    =       -347.64 kN-m. 

           -. theta =  36.14 Deg. 

           -. Tcr   =  0.125*SQRT(fc')*Acp^2/Pc =       564.12 kN-m. 

 

           -. Tu > 0.25*phi*Tcr =       126.93 kN-m. 

               ---> Required torsion checking. 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  36.14 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.90 

           -. smax  =   0.61 

           -. Vs    =       3551.98 

 

      ( ). Compute torsional resistance. 

           -. Tu       =    -347.64 kN-m. 

           -. At       =     0.0002 m^2. 

           -. St       =       0.15 m. 

           -. phiTn    =  phi*2*Ao*At*fy*cot(theta)/St =   1160.87 kN-m. 

 

           -. Tu/phiTn =  0.30  --->  O.K ! 

 

      ( ). Check longitudinal reinforcement. 

           -. phi_f =  0.90 

           -. phi_v =  0.90 

           -. Mu    =   5317.52 kN-m. 

           -. Vu    =   1358.63 kN. 

           -. Vs    =   3551.98 kN. 

           -. As*fy =   8722.08 kN. 

           -. Asfy_min_param1 = (ABS(Vu/phi_v)-0.5*Vs)^2 

           -. Asfy_min_param2 = (0.45*Ph*Tu/(2*Ao*phi_v))^2 

           -. Asfy_min = ABS(Mu)/(phi_f*dv) +  

                         cot(theta)*SQRT( Asfy_min_param1 + Asfy_min_param2 ) =   8021.32 kN. 

 

           -. As*fy >= Asfy_min   --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CRACK. 

 =============================================================================== 

 

      ( ). Check crack control of top reinforcement. ( LCB = 160- ) 

           -. Mu      =   1795.6927 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =    118325.150 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.7447 m. 

           -. s < sa --->  O.K ! 
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      ( ). Check crack control of bottom reinforcement. ( LCB = 160+ ) 

           -. Mu      =   1569.0936 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =    103393.657 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.8767 m. 

           -. s < sa --->  O.K ! 

  

------------------------------------------------------------------------------------------ 
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      *.MIDAS/Civil - RC-BEAM Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = BEAM,   MEMB =116000 

 

      *.DESCRIPTION OF BEAM DATA (iSEC =    65) : Viga_120x100 

        Section Type : Rectangle (RECT) 

        Beam Length (Span)             =         8.499 m. 

        Section Depth (Hc)             =         1.000 m. 

        Section Width (Bc)             =         1.200 m. 

        Concrete Strength (fc')        =     27579.038 KPa. 

        Main Rebar Strength (fy)       =    413685.566 KPa. 

        Stirrups Strength (fys)        =    413685.566 KPa. 

        Modulus of Elasticity (Es)     = 199948023.746 KPa. 

 

      *.FORCES AND MOMENTS AT CHECK POINT <I> : 

        Positive Bending Moment   P-Mu =     4455.57 kN-m.,  LCB =152+ 

        Negative Bending Moment   N-Mu =     4732.72 kN-m.,  LCB =152- 

        Shear Force               Vu   =     1222.90 kN.  ,  LCB =152- 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------- 

           Location    i     di( m.)       Rebar    Asi( m^2.) 

        --------------------------------------------------------- 

           Top         1      0.085       11-#10      0.00901 

           Top         2      0.115       11-#10      0.00901 

           Top         3      0.200        2- #8      0.00102 

           Top         4      0.300        2- #8      0.00102 

           Top         5      0.400        2- #8      0.00102 

           Bottom      1      0.085       11-#10      0.00901 

           Bottom      2      0.115       11-#10      0.00901 

           Bottom      3      0.200        2- #8      0.00102 

           Bottom      4      0.300        2- #8      0.00102 

           Bottom      5      0.400        2- #8      0.00102 

        --------------------------------------------------------- 

           Stirrups : 6.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   ANALYZE NEGATIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 
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           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0234 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 
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      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.861  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE POSITIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0216 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 

 

      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.811  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY. 

 =============================================================================== 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.38 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   2.03 

 

      ( ). Compute shear strength of concrete. 

           -. Vu     =     1222.90 kN. 

           -. Vc     = 0.0316*beta*SQRT[fc']*bv*dv =      831.42 kN. 

           -. phiVc  = phi * Vc =      748.28 kN. 

           -. Vn_lim = 0.25*fc'*bv*dv =     6485.70 kN. 

 

      ( ). Compute stirrup spacing. 

           -. Maximum spacing smax = MIN[ 0.8*dv, 24 in ] =    0.610 m. 

           -. Vu > phiVc  --->  Required shear reinforcement. 

           -.                 smax = MIN[ smax, Av/(0.0316*SQRT(fc')*bv/fys) ] =    0.610 m. 

           -. Applied spacing s    =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vs      = Av*fys*dv*cot(theta) / s =     3653.65 kN. 

           -. Vs_lim  = 0.25*fc'*bv*dv - Vc =     5654.28 kN. 

           -. Vs      = MIN[ Vs, Vs_lim ] =     3653.65 kN. 

           -. phiVs   = phi*Vs =     3288.28 kN. 

 

           -. phiVs > (Vu-phiVc)  --->  O.K ! 

           -. Using Av/s  =  Vs / (fys*dv*cot(theta)) =   0.0080 m^2/m. 

 

      ( ). Check tension force in the longitudinal reinforcement caused by shear. 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1     =  MIN[ Vs, Vu/phiv ] =     1358.78 kN. 

           -. As_req  =  [ Mu/(phib*dv) + (Vu/phiv - 0.5*Vs1)*cot(theta) ] / fy =   0.0185 m^2. 

           -. As      =   0.0211 m^2. 

           -. As_req < As  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE TORSION CAPACITY. 

 =============================================================================== 

 

      ( ). Compute torsion parameter. 

           -. phi   =   0.90 

           -. Acp   =       1.20 m^2. 

           -. Pc    =       4.40 m. 

           -. Aoh   =       1.00 m^2. 

           -. Ao    =  0.85*Aoh =      0.85 m^2. 

           -. Ph    =       4.04 m. 

           -. Tu    =       -285.83 kN-m. 

           -. theta =  35.38 Deg. 

           -. Tcr   =  0.125*SQRT(fc')*Acp^2/Pc =       564.12 kN-m. 

 

           -. Tu > 0.25*phi*Tcr =       126.93 kN-m. 

               ---> Required torsion checking. 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.38 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   2.03 

           -. smax  =   0.61 

           -. Vs    =       3653.65 

 

      ( ). Compute torsional resistance. 

           -. Tu       =    -285.83 kN-m. 

           -. At       =     0.0002 m^2. 

           -. St       =       0.15 m. 

           -. phiTn    =  phi*2*Ao*At*fy*cot(theta)/St =   1194.10 kN-m. 

 

           -. Tu/phiTn =  0.24  --->  O.K ! 

 

      ( ). Check longitudinal reinforcement. 

           -. phi_f =  0.90 

           -. phi_v =  0.90 

           -. Mu    =   4732.72 kN-m. 

           -. Vu    =   1222.90 kN. 

           -. Vs    =   3653.65 kN. 

           -. As*fy =   8722.08 kN. 

           -. Asfy_min_param1 = (ABS(Vu/phi_v)-0.5*Vs)^2 

           -. Asfy_min_param2 = (0.45*Ph*Tu/(2*Ao*phi_v))^2 

           -. Asfy_min = ABS(Mu)/(phi_f*dv) +  

                         cot(theta)*SQRT( Asfy_min_param1 + Asfy_min_param2 ) =   7365.45 kN. 

 

           -. As*fy >= Asfy_min   --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CRACK. 

 =============================================================================== 

 

      ( ). Check crack control of top reinforcement. ( LCB = 160- ) 

           -. Mu      =   1633.5358 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =    107640.003 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.8354 m. 

           -. s < sa --->  O.K ! 
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      ( ). Check crack control of bottom reinforcement. ( LCB = 160+ ) 

           -. Mu      =   1376.4050 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =     90696.659 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      1.0233 m. 

           -. s < sa --->  O.K ! 
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       +============================================================+ 

       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 

       |  MIDAS/Civil - Design & checking system for windows        | 

       +============================================================+ 

       |  RC-Member(Beam or Column) Analysis and Design             | 

       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD07,    | 

       |            AASHTO-LRFD02, AASHTO-LFD96, ACI318-02,         | 

       |            CSA-S6-00, CSA-S6-14, Eurocode2-2:05,           | 

       |            SNiP 2.05.03-84*, SP 35.13330.2011,             | 

       |            SNiP 2.05.03-84*(MKS), SP 35.13330.2011(MKS),   | 

       |            IRC:21-2000, IRC:112-2011                       | 

       |                                                            | 

       |                                             (c)SINCE 1989  | 

       +============================================================+ 

       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 

       |  MIDAS IT Design Development Team                          | 

       +============================================================+ 

       |            HomePage : www.MidasUser.com                    | 

       +============================================================+ 

       |  MIDAS/Civil  Version 8.8.5                                | 

       +============================================================+ 

 

 

    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 

-------------------------------------------------------------------------------------- 

     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 

-------------------------------------------------------------------------------------- 

       3  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

      10  2   Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) 

      13  2        PL01d_ext( 4.300) +     PL01i_ext( 4.300) +     PL01d_int( 4.300) 

             +     PL01i_int( 4.300) +     PL02d_ext( 4.300) +     PL02i_ext( 4.300) 

             +     PL02d_int( 4.300) +     PL02i_int( 4.300) +     PL03d_ext( 4.300) 

             +     PL03i_ext( 4.300) +     PL03d_int( 4.300) +     PL03i_int( 4.300) 

             +     PL04d_ext( 4.300) +     PL04i_ext( 4.300) +     PL04d_int( 4.300) 

             +     PL04i_int( 4.300) +     PL05d_ext( 4.300) +     PL05i_ext( 4.300) 

             +     PL05d_int( 4.300) +     PL05i_int( 4.300) +     PL06d_ext( 4.300) 

             +     PL06i_ext( 4.300) +     PL06d_int( 4.300) +     PL06i_int( 4.300) 

             +     PL07d_ext( 4.300) +     PL07i_ext( 4.300) +     PL07d_int( 4.300) 

             +     PL07i_int( 4.300) +     PL08d_ext( 4.300) +     PL08i_ext( 4.300) 

             +     PL08d_int( 4.300) +     PL08i_int( 4.300) +     PL09d_ext( 4.300) 

             +     PL09i_ext( 4.300) +     PL09d_int( 4.300) +     PL09i_int( 4.300) 

             +     PL10d_ext( 4.300) +     PL10i_ext( 4.300) +     PL10d_int( 4.300) 

             +     PL10i_int( 4.300) 

     18+  2       PL01d-ext_( 1.000) +    PL01i-ext_( 1.000) +    PL01d-int_( 1.000) 

             +    PL01i-int_( 1.000) 

     18-  2       PL01d-ext_( 1.000) +    PL01i-ext_( 1.000) +    PL01d-int_( 1.000) 

             +    PL01i-int_( 1.000) 

     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
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             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 

             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 

             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 

             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 

             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 

             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 

             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 

             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 

             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 

             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 

             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 

             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 

             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 

             +    PL10i-int_( 4.300) 

     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 

     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 

             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 

             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 

             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 

             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 

             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 

             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 

             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 

             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 

             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 

             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 

             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 

             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 

             +    PL10i-int_( 7.190) 
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      68  2              TG+( -0.500) 

    147+  2           SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    147-  2           SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 

             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 

             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 

             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 

             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 

             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 

             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 

             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 

             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 

             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 

             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 

             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 

             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 

             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 
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             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_1.0X/0.3Y_ENV( 1.000) 

    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_0.3X/1.0Y_ENV( 1.000) 

    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 

             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 

             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 

             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
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             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 

             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 

             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 

             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 

             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 

             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 

             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 

             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 

             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 

             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 

             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 

    155+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        WS_ENV( 0.300) +        TG_ENV( 0.500) 

             +        SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 

             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    155-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        WS_ENV( 0.300) +        TG_ENV( 0.500) 

             +        SE01a_( 1.000) +        SE01b_( 1.000) +        SE02a_( 1.000) 
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             +        SE02b_( 1.000) +        SE03a_( 1.000) +        SE03b_( 1.000) 

             +        SE04a_( 1.000) +        SE04b_( 1.000) +        SE05a_( 1.000) 

             +        SE05b_( 1.000) +        SE06a_( 1.000) +        SE06b_( 1.000) 

             +        SE07a_( 1.000) +        SE07b_( 1.000) +        SE08a_( 1.000) 

             +        SE08b_( 1.000) +        SE09a_( 1.000) +        SE09b_( 1.000) 

             +        SE10a_( 1.000) +        SE10b_( 1.000) +        SE11a_( 1.000) 

             +        SE11b_( 1.000) 

    156+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 5.590) 

             +    PL01i-ext_( 5.590) +    PL01d-int_( 5.590) +    PL01i-int_( 5.590) 

             +    PL02d-ext_( 5.590) +    PL02i-ext_( 5.590) +    PL02d-int_( 5.590) 

             +    PL02i-int_( 5.590) +    PL03d-ext_( 5.590) +    PL03i-ext_( 5.590) 

             +    PL03d-int_( 5.590) +    PL03i-int_( 5.590) +    PL04d-ext_( 5.590) 

             +    PL04i-ext_( 5.590) +    PL04d-int_( 5.590) +    PL04i-int_( 5.590) 

             +    PL05d-ext_( 5.590) +    PL05i-ext_( 5.590) +    PL05d-int_( 5.590) 

             +    PL05i-int_( 5.590) +    PL06d-ext_( 5.590) +    PL06i-ext_( 5.590) 

             +    PL06d-int_( 5.590) +    PL06i-int_( 5.590) +    PL07d-ext_( 5.590) 

             +    PL07i-ext_( 5.590) +    PL07d-int_( 5.590) +    PL07i-int_( 5.590) 

             +    PL08d-ext_( 5.590) +    PL08i-ext_( 5.590) +    PL08d-int_( 5.590) 

             +    PL08i-int_( 5.590) +    PL09d-ext_( 5.590) +    PL09i-ext_( 5.590) 

             +    PL09d-int_( 5.590) +    PL09i-int_( 5.590) +    PL10d-ext_( 5.590) 

             +    PL10i-ext_( 5.590) +    PL10d-int_( 5.590) +    PL10i-int_( 5.590) 

             +        TU_ENV( 1.200) 

    156-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 5.590) 

             +    PL01i-ext_( 5.590) +    PL01d-int_( 5.590) +    PL01i-int_( 5.590) 

             +    PL02d-ext_( 5.590) +    PL02i-ext_( 5.590) +    PL02d-int_( 5.590) 

             +    PL02i-int_( 5.590) +    PL03d-ext_( 5.590) +    PL03i-ext_( 5.590) 

             +    PL03d-int_( 5.590) +    PL03i-int_( 5.590) +    PL04d-ext_( 5.590) 

             +    PL04i-ext_( 5.590) +    PL04d-int_( 5.590) +    PL04i-int_( 5.590) 

             +    PL05d-ext_( 5.590) +    PL05i-ext_( 5.590) +    PL05d-int_( 5.590) 

             +    PL05i-int_( 5.590) +    PL06d-ext_( 5.590) +    PL06i-ext_( 5.590) 

             +    PL06d-int_( 5.590) +    PL06i-int_( 5.590) +    PL07d-ext_( 5.590) 

             +    PL07i-ext_( 5.590) +    PL07d-int_( 5.590) +    PL07i-int_( 5.590) 

             +    PL08d-ext_( 5.590) +    PL08i-ext_( 5.590) +    PL08d-int_( 5.590) 

             +    PL08i-int_( 5.590) +    PL09d-ext_( 5.590) +    PL09i-ext_( 5.590) 

             +    PL09d-int_( 5.590) +    PL09i-int_( 5.590) +    PL10d-ext_( 5.590) 

             +    PL10i-ext_( 5.590) +    PL10d-int_( 5.590) +    PL10i-int_( 5.590) 

             +        TU_ENV( 1.200) 

    157+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
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             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    157-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 

             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 

             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 

             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 

             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 

             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 

             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 

             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 

    158+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 0.700) +        SE01a_( 1.000) +        SE01b_( 1.000) 

             +        SE02a_( 1.000) +        SE02b_( 1.000) +        SE03a_( 1.000) 

             +        SE03b_( 1.000) +        SE04a_( 1.000) +        SE04b_( 1.000) 

             +        SE05a_( 1.000) +        SE05b_( 1.000) +        SE06a_( 1.000) 

             +        SE06b_( 1.000) +        SE07a_( 1.000) +        SE07b_( 1.000) 

             +        SE08a_( 1.000) +        SE08b_( 1.000) +        SE09a_( 1.000) 

             +        SE09b_( 1.000) +        SE10a_( 1.000) +        SE10b_( 1.000) 

             +        SE11a_( 1.000) +        SE11b_( 1.000) 

    158-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +        TU_ENV( 1.200) 

             +        WS_ENV( 0.700) +        SE01a_( 1.000) +        SE01b_( 1.000) 

             +        SE02a_( 1.000) +        SE02b_( 1.000) +        SE03a_( 1.000) 

             +        SE03b_( 1.000) +        SE04a_( 1.000) +        SE04b_( 1.000) 

             +        SE05a_( 1.000) +        SE05b_( 1.000) +        SE06a_( 1.000) 

             +        SE06b_( 1.000) +        SE07a_( 1.000) +        SE07b_( 1.000) 

             +        SE08a_( 1.000) +        SE08b_( 1.000) +        SE09a_( 1.000) 

             +        SE09b_( 1.000) +        SE10a_( 1.000) +        SE10b_( 1.000) 
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             +        SE11a_( 1.000) +        SE11b_( 1.000) 

    159+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_1.0X/0.3Y( 1.000) 

    159-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_1.0X/0.3Y( 1.000) 

    160+  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 

             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_0.3X/1.0Y( 1.000) 

    160-  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) +    PL01d-ext_( 4.300) 

             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
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             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 

             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 

             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 

             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 

             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 

             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 

             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 

             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 

             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 

             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 

             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 

             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 

             +EQ_Ser_0.3X/1.0Y( 1.000) 

     162  2      Peso propio( 1.000) +  Peso lastres( 1.000) +Pavimento estructural( 4.000) 

             +Pavimento no estructural( 1.650) +Barandilla y luminarias( 1.000) 

-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-BEAM Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = BEAM,   MEMB =115000 

 

      *.DESCRIPTION OF BEAM DATA (iSEC =    65) : Viga_120x100 

        Section Type : Rectangle (RECT) 

        Beam Length (Span)             =         8.500 m. 

        Section Depth (Hc)             =         1.000 m. 

        Section Width (Bc)             =         1.200 m. 

        Concrete Strength (fc')        =     27579.038 KPa. 

        Main Rebar Strength (fy)       =    413685.566 KPa. 

        Stirrups Strength (fys)        =    413685.566 KPa. 

        Modulus of Elasticity (Es)     = 199948023.746 KPa. 

 

      *.FORCES AND MOMENTS AT CHECK POINT <I> : 

        Positive Bending Moment   P-Mu =     4655.85 kN-m.,  LCB =152+ 

        Negative Bending Moment   N-Mu =     4943.92 kN-m.,  LCB =152- 

        Shear Force               Vu   =     1273.47 kN.  ,  LCB =152- 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------- 

           Location    i     di( m.)       Rebar    Asi( m^2.) 

        --------------------------------------------------------- 

           Top         1      0.085       11-#10      0.00901 

           Top         2      0.115       11-#10      0.00901 

           Top         3      0.200        2- #8      0.00102 

           Top         4      0.300        2- #8      0.00102 

           Top         5      0.400        2- #8      0.00102 

           Bottom      1      0.085       11-#10      0.00901 

           Bottom      2      0.115       11-#10      0.00901 

           Bottom      3      0.200        2- #8      0.00102 

           Bottom      4      0.300        2- #8      0.00102 

           Bottom      5      0.400        2- #8      0.00102 

        --------------------------------------------------------- 

           Stirrups : 6.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   ANALYZE NEGATIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0248 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 
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      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.900  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE POSITIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0229 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 

 

      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.847  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY. 

 =============================================================================== 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.69 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.97 

 

      ( ). Compute shear strength of concrete. 

           -. Vu     =     1273.47 kN. 

           -. Vc     = 0.0316*beta*SQRT[fc']*bv*dv =      808.75 kN. 

           -. phiVc  = phi * Vc =      727.88 kN. 

           -. Vn_lim = 0.25*fc'*bv*dv =     6485.70 kN. 

 

      ( ). Compute stirrup spacing. 

           -. Maximum spacing smax = MIN[ 0.8*dv, 24 in ] =    0.610 m. 

           -. Vu > phiVc  --->  Required shear reinforcement. 

           -.                 smax = MIN[ smax, Av/(0.0316*SQRT(fc')*bv/fys) ] =    0.610 m. 

           -. Applied spacing s    =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vs      = Av*fys*dv*cot(theta) / s =     3612.15 kN. 

           -. Vs_lim  = 0.25*fc'*bv*dv - Vc =     5676.95 kN. 

           -. Vs      = MIN[ Vs, Vs_lim ] =     3612.15 kN. 

           -. phiVs   = phi*Vs =     3250.93 kN. 

 

           -. phiVs > (Vu-phiVc)  --->  O.K ! 

           -. Using Av/s  =  Vs / (fys*dv*cot(theta)) =   0.0080 m^2/m. 

 

      ( ). Check tension force in the longitudinal reinforcement caused by shear. 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1     =  MIN[ Vs, Vu/phiv ] =     1414.96 kN. 

           -. As_req  =  [ Mu/(phib*dv) + (Vu/phiv - 0.5*Vs1)*cot(theta) ] / fy =   0.0193 m^2. 

           -. As      =   0.0211 m^2. 

           -. As_req < As  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE TORSION CAPACITY. 

 =============================================================================== 

 

      ( ). Compute torsion parameter. 

           -. phi   =   0.90 

           -. Acp   =       1.20 m^2. 

           -. Pc    =       4.40 m. 

           -. Aoh   =       1.00 m^2. 

           -. Ao    =  0.85*Aoh =      0.85 m^2. 

           -. Ph    =       4.04 m. 

           -. Tu    =       -240.60 kN-m. 

           -. theta =  35.69 Deg. 

           -. Tcr   =  0.125*SQRT(fc')*Acp^2/Pc =       564.12 kN-m. 

 

           -. Tu > 0.25*phi*Tcr =       126.93 kN-m. 

               ---> Required torsion checking. 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.69 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.97 

           -. smax  =   0.61 

           -. Vs    =       3612.15 

 

      ( ). Compute torsional resistance. 

           -. Tu       =    -240.60 kN-m. 

           -. At       =     0.0002 m^2. 

           -. St       =       0.15 m. 

           -. phiTn    =  phi*2*Ao*At*fy*cot(theta)/St =   1180.54 kN-m. 

 

           -. Tu/phiTn =  0.20  --->  O.K ! 

 

      ( ). Check longitudinal reinforcement. 

           -. phi_f =  0.90 

           -. phi_v =  0.90 

           -. Mu    =   4943.92 kN-m. 

           -. Vu    =   1273.47 kN. 

           -. Vs    =   3612.15 kN. 

           -. As*fy =   8722.08 kN. 

           -. Asfy_min_param1 = (ABS(Vu/phi_v)-0.5*Vs)^2 

           -. Asfy_min_param2 = (0.45*Ph*Tu/(2*Ao*phi_v))^2 

           -. Asfy_min = ABS(Mu)/(phi_f*dv) +  

                         cot(theta)*SQRT( Asfy_min_param1 + Asfy_min_param2 ) =   7556.13 kN. 

 

           -. As*fy >= Asfy_min   --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CRACK. 

 =============================================================================== 

 

      ( ). Check crack control of top reinforcement. ( LCB = 160- ) 

           -. Mu      =   1655.6635 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =    109098.082 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.8220 m. 

           -. s < sa --->  O.K ! 
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      ( ). Check crack control of bottom reinforcement. ( LCB = 160+ ) 

           -. Mu      =   1388.1261 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =     91469.008 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      1.0132 m. 

           -. s < sa --->  O.K ! 
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      *.MIDAS/Civil - RC-BEAM Analysis/Design Program. 

 

      *.PROJECT       :  

      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 

      *.MEMBER        : Member Type = BEAM,   MEMB =117000 

 

      *.DESCRIPTION OF BEAM DATA (iSEC =    65) : Viga_120x100 

        Section Type : Rectangle (RECT) 

        Beam Length (Span)             =         8.501 m. 

        Section Depth (Hc)             =         1.000 m. 

        Section Width (Bc)             =         1.200 m. 

        Concrete Strength (fc')        =     27579.038 KPa. 

        Main Rebar Strength (fy)       =    413685.566 KPa. 

        Stirrups Strength (fys)        =    413685.566 KPa. 

        Modulus of Elasticity (Es)     = 199948023.746 KPa. 

 

      *.FORCES AND MOMENTS AT CHECK POINT <I> : 

        Positive Bending Moment   P-Mu =     4835.42 kN-m.,  LCB =152+ 

        Negative Bending Moment   N-Mu =     5123.40 kN-m.,  LCB =152- 

        Shear Force               Vu   =     1310.32 kN.  ,  LCB =152- 

 

      *.REINFORCEMENT PATTERN :  

        --------------------------------------------------------- 

           Location    i     di( m.)       Rebar    Asi( m^2.) 

        --------------------------------------------------------- 

           Top         1      0.085       11-#10      0.00901 

           Top         2      0.115       11-#10      0.00901 

           Top         3      0.200        2- #8      0.00102 

           Top         4      0.300        2- #8      0.00102 

           Top         5      0.400        2- #8      0.00102 

           Bottom      1      0.085       11-#10      0.00901 

           Bottom      2      0.115       11-#10      0.00901 

           Bottom      3      0.200        2- #8      0.00102 

           Bottom      4      0.300        2- #8      0.00102 

           Bottom      5      0.400        2- #8      0.00102 

        --------------------------------------------------------- 

           Stirrups : 6.0-#5  @150 

 

 =============================================================================== 

    [[[*]]]   ANALYZE NEGATIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 
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           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0261 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 
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      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.932  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE POSITIVE BENDING MOMENT CAPACITY. 

 =============================================================================== 

 

      ( ). Compute parameter. 

           -. phi   =   0.90 

           -. Alpha =   0.85 

           -. Beta  =   0.85 

           -. d     =     0.8710 m. 

           -. ecu   =  0.0030 

 

      ( ). Compute maximum and minimum reinforcement. 

           -. Rhomin1 = (1.2)*Mcr/[ phi*fy*b*d*(d-a/2) ]      =   0.0024 

           -. Rhomin2 = 1.33*Mu/[ phi*fy*b*d*(d-a/2) ]        =   0.0241 

           -. Rhomin  = MIN[ Rhomin1, Rhomin2 ]               =   0.0024 

           -. As_min =  Rhomin * Ag  =     0.0029 m^2. 

 

      ( ). Check tensile reinforcement. 

           -. As     =     0.0211 m^2. 

           -. As_min < As   --->  O.K ! 

 

      ( ). Check moment capacity. 

           -. c          =     0.3620 m. 

           -. Cc         =       8655.29 kN. 

           -. Ts         =       8702.45 kN. 

           -. Mr         =       5494.28 kN-m. 

           -. Mu/Mr      =   0.880  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE SHEAR CAPACITY. 

 =============================================================================== 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.91 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.94 

 

      ( ). Compute shear strength of concrete. 

           -. Vu     =     1310.32 kN. 

           -. Vc     = 0.0316*beta*SQRT[fc']*bv*dv =      793.29 kN. 

           -. phiVc  = phi * Vc =      713.96 kN. 

           -. Vn_lim = 0.25*fc'*bv*dv =     6485.70 kN. 

 

      ( ). Compute stirrup spacing. 

           -. Maximum spacing smax = MIN[ 0.8*dv, 24 in ] =    0.610 m. 

           -. Vu > phiVc  --->  Required shear reinforcement. 

           -.                 smax = MIN[ smax, Av/(0.0316*SQRT(fc')*bv/fys) ] =    0.610 m. 

           -. Applied spacing s    =    0.150 m. 

 

      ( ). Compute shear strength of reinforcement. 

           -. Vs      = Av*fys*dv*cot(theta) / s =     3582.86 kN. 

           -. Vs_lim  = 0.25*fc'*bv*dv - Vc =     5692.41 kN. 

           -. Vs      = MIN[ Vs, Vs_lim ] =     3582.86 kN. 

           -. phiVs   = phi*Vs =     3224.58 kN. 

 

           -. phiVs > (Vu-phiVc)  --->  O.K ! 

           -. Using Av/s  =  Vs / (fys*dv*cot(theta)) =   0.0080 m^2/m. 

 

      ( ). Check tension force in the longitudinal reinforcement caused by shear. 

           -. phib    =   0.90 

           -. phiv    =   0.90 

           -. Vs1     =  MIN[ Vs, Vu/phiv ] =     1455.91 kN. 

           -. As_req  =  [ Mu/(phib*dv) + (Vu/phiv - 0.5*Vs1)*cot(theta) ] / fy =   0.0200 m^2. 

           -. As      =   0.0211 m^2. 

           -. As_req < As  --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE TORSION CAPACITY. 

 =============================================================================== 

 

      ( ). Compute torsion parameter. 

           -. phi   =   0.90 

           -. Acp   =       1.20 m^2. 

           -. Pc    =       4.40 m. 

           -. Aoh   =       1.00 m^2. 

           -. Ao    =  0.85*Aoh =      0.85 m^2. 

           -. Ph    =       4.04 m. 

           -. Tu    =       -219.52 kN-m. 

           -. theta =  35.91 Deg. 

           -. Tcr   =  0.125*SQRT(fc')*Acp^2/Pc =       564.12 kN-m. 

 

           -. Tu > 0.25*phi*Tcr =       126.93 kN-m. 

               ---> Required torsion checking. 
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      ( ). Compute shear parameter. 

           -. phi   =   0.90 

           -. Av    =     0.0012 m^2. 

           -. bv    =   1.20 m. 

           -. dv    =  MAX[ dv, 0.9*d, 0.72*Hc ]  =   0.78 m. 

           -. theta =  35.91 Deg.   [Clause 5.8.3.4.2] 

           -. beta  =   1.94 

           -. smax  =   0.61 

           -. Vs    =       3582.86 

 

      ( ). Compute torsional resistance. 

           -. Tu       =    -219.52 kN-m. 

           -. At       =     0.0002 m^2. 

           -. St       =       0.15 m. 

           -. phiTn    =  phi*2*Ao*At*fy*cot(theta)/St =   1170.97 kN-m. 

 

           -. Tu/phiTn =  0.19  --->  O.K ! 

 

      ( ). Check longitudinal reinforcement. 

           -. phi_f =  0.90 

           -. phi_v =  0.90 

           -. Mu    =   5123.40 kN-m. 

           -. Vu    =   1310.32 kN. 

           -. Vs    =   3582.86 kN. 

           -. As*fy =   8722.08 kN. 

           -. Asfy_min_param1 = (ABS(Vu/phi_v)-0.5*Vs)^2 

           -. Asfy_min_param2 = (0.45*Ph*Tu/(2*Ao*phi_v))^2 

           -. Asfy_min = ABS(Mu)/(phi_f*dv) +  

                         cot(theta)*SQRT( Asfy_min_param1 + Asfy_min_param2 ) =   7700.15 kN. 

 

           -. As*fy >= Asfy_min   --->  O.K ! 

 

 =============================================================================== 

    [[[*]]]   ANALYZE CRACK. 

 =============================================================================== 

 

      ( ). Check crack control of top reinforcement. ( LCB = 160- ) 

           -. Mu      =   1707.3169 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =    112501.726 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.7920 m. 

           -. s < sa --->  O.K ! 
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      ( ). Check crack control of bottom reinforcement. ( LCB = 160+ ) 

           -. Mu      =   1439.9188 kN-m. 

           -. h       =      1.0000 m. 

           -. dc      =      0.0850 m. 

           -. Beta_s  = 1+dc/(0.7*(h-dc)) = 1.13 m. 

           -. Gamma_e = 1.00 

           -. c_cr    =      0.3245 m. 

           -. Icr     =      0.0714 m^4. 

           -. fss     =     94881.828 KPa. 

           -. s       =       0.0966 m. 

           -. sa      = 700*Gamma_e/(Beta_s*fss)-2*dc =      0.9706 m. 

           -. s < sa --->  O.K ! 
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APÉNDICE: 

10. DISEÑO DE PILAS 
A continuación, se incluyen los listados de comprobación de las pilas de concreto, para los modelos de cálculo del 

tramo 1 y tramo 2 de la calzada peatonal. 

10.1. CALZADA PEATONAL TRAMO 1 
 
------------------------------------------------------------------------------------------ 
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       +============================================================+ 
       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 
       |  MIDAS/Civil - Design & checking system for windows        | 
       +============================================================+ 
       |  RC-Member(Beam or Column) Analysis and Design             | 
       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD07,    | 
       |            AASHTO-LRFD02, AASHTO-LFD96, ACI318-02,         | 
       |            CSA-S6-00, CSA-S6-14, Eurocode2-2:05,           | 
       |            SNiP 2.05.03-84*, SP 35.13330.2011,             | 
       |            SNiP 2.05.03-84*(MKS), SP 35.13330.2011(MKS),   | 
       |            IRC:21-2000, IRC:112-2011                       | 
       |                                                            | 
       |                                             (c)SINCE 1989  | 
       +============================================================+ 
       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 
       |  MIDAS IT Design Development Team                          | 
       +============================================================+ 
       |            HomePage : www.MidasUser.com                    | 
       +============================================================+ 
       |  MIDAS/Civil  Version 8.8.5                                | 
       +============================================================+ 
 
 
    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 
-------------------------------------------------------------------------------------- 
     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 
-------------------------------------------------------------------------------------- 
     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 
             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 
             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 
             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 
             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 
             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 
             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 
             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 
             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 
             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 
             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 
             +    PL10i-int_( 4.300) 
     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 
             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 
             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 
             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 
             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 
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             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 
             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 
             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 
             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 
             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 
             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 
             +    PL10i-int_( 4.300) 
     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 
             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 
             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 
             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 
             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 
             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 
             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 
             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 
             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 
             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 
             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 
             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 
             +    PL10i-int_( 7.190) 
     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 
             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 
             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 
             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 
             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 
             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 
             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 
             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 
             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 
             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 
             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 
             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 
             +    PL10i-int_( 7.190) 
    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 
             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 
             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 
             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 
             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 
             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 
             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 
             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 
             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 
             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 
             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 
             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 
             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 
             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 
             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 
             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 
             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 
             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 
             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 
             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 
             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 
             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 
             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 
             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 
             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 
             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 
             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 
             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 
             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 
             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 
             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 8 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_1.0X/0.3Y_ENV( 1.000) 
    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_1.0X/0.3Y_ENV( 1.000) 
    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_0.3X/1.0Y_ENV( 1.000) 
    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_0.3X/1.0Y_ENV( 1.000) 
    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 
             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 
             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 
             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 
             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 
             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 
             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 
             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 
             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 
             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 
             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 
             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 
    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 
             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 
             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 
             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 
             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 
             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 
             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 
             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 
             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 
             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 
             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 
             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 
-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111102,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1521.26      -349.37      -242.97     -1297.67     -1501.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1521.26      -349.37      -242.97     -1297.67     -1501.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      242.97 kN-m. 
           -. End Moments (My2) =      349.37 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -242.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -242.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1297.67 kN-m. 
           -. End Moments (Mz2) =     1501.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1501.18 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1501.18 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      5226.969 kN. 
           -. Mry        =       842.437 kN-m. 
           -. Mrz        =      5154.826 kN-m. 
           -. Mr         =      5223.211 kN-m. 
           -. Pu/Pr      =   0.291  --->  O.K ! 
           -. Muy/Mry    =   0.288  --->  O.K ! 
           -. Muz/Mrz    =   0.291  --->  O.K ! 
           -. Mu/Mr      =   0.291  --->  O.K ! 
           -. Ratio      =   0.291  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1638.10 kN. 
           -. Vuz    =        993.54 kN. 
           -. Muy    =       -417.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
 
           -. Vuy    =        414.74 kN. 
           -. Muz    =      -1118.04 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.29 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      993.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1313.17 kN. 
           -. phiVcz    = phi * Vcz =     1181.86 kN. 
 
           -. Vuy       =      414.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1271.38 kN. 
           -. phiVcy    = phi * Vcy =     1144.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2161.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5835.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2161.63 kN. 
           -. phiVsz   = phi*Vsz =     1945.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2140.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5877.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2140.53 kN. 
           -. phiVsy   = phi*Vsy =     1926.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1076.635 kN. 
           -. Vr       =    3070.723 kN. 
           -. Ratio    = Vu / Vr = 0.351  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1196.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1196.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111103,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1537.94      -242.97      -456.50     -1501.18     -1664.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1537.94      -242.97      -456.50     -1501.18     -1664.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      242.97 kN-m. 
           -. End Moments (My2) =      456.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -456.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -456.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1501.18 kN-m. 
           -. End Moments (Mz2) =     1664.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1664.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1664.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4680.165 kN. 
           -. Mry        =      1380.358 kN-m. 
           -. Mrz        =      5038.136 kN-m. 
           -. Mr         =      5223.811 kN-m. 
           -. Pu/Pr      =   0.329  --->  O.K ! 
           -. Muy/Mry    =   0.331  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.331  --->  O.K ! 
           -. Ratio      =   0.331  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1654.80 kN. 
           -. Vuz    =        861.92 kN. 
           -. Muy    =       -810.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =        359.70 kN. 
           -. Muz    =      -1134.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.78 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      861.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1297.95 kN. 
           -. phiVcz    = phi * Vcz =     1168.15 kN. 
 
           -. Vuy       =      359.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1255.93 kN. 
           -. phiVcy    = phi * Vcy =     1130.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2154.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5850.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2154.07 kN. 
           -. phiVsz   = phi*Vsz =     1938.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2132.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5892.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2132.45 kN. 
           -. phiVsy   = phi*Vsy =     1919.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     933.960 kN. 
           -. Vr       =    3049.538 kN. 
           -. Ratio    = Vu / Vr = 0.306  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1037.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1037.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111104,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1554.61      -456.50      -738.04     -1664.25     -1787.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1554.61      -456.50      -738.04     -1664.25     -1787.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      456.50 kN-m. 
           -. End Moments (My2) =      738.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -738.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -738.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1664.25 kN-m. 
           -. End Moments (Mz2) =     1787.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1787.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1787.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4214.264 kN. 
           -. Mry        =      2001.499 kN-m. 
           -. Mrz        =      4822.183 kN-m. 
           -. Mr         =      5221.058 kN-m. 
           -. Pu/Pr      =   0.369  --->  O.K ! 
           -. Muy/Mry    =   0.369  --->  O.K ! 
           -. Muz/Mrz    =   0.371  --->  O.K ! 
           -. Mu/Mr      =   0.371  --->  O.K ! 
           -. Ratio      =   0.371  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1671.49 kN. 
           -. Vuz    =        731.51 kN. 
           -. Muy    =      -1175.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.82 
 
           -. Vuy    =        307.05 kN. 
           -. Muz    =      -1139.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.73 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      731.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1275.23 kN. 
           -. phiVcz    = phi * Vcz =     1147.70 kN. 
 
           -. Vuy       =      307.05 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1232.90 kN. 
           -. phiVcy    = phi * Vcy =     1109.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2142.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5873.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2142.52 kN. 
           -. phiVsz   = phi*Vsz =     1928.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2120.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5915.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2120.12 kN. 
           -. phiVsy   = phi*Vsy =     1908.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     793.338 kN. 
           -. Vr       =    3017.718 kN. 
           -. Ratio    = Vu / Vr = 0.263  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      881.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      881.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111105,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1571.29      -738.04      -982.48     -1787.38     -1871.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1571.29      -738.04      -982.48     -1787.38     -1871.26 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      738.04 kN-m. 
           -. End Moments (My2) =      982.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -982.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -982.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1787.38 kN-m. 
           -. End Moments (Mz2) =     1871.26 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1871.26 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1871.26 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3902.942 kN. 
           -. Mry        =      2424.812 kN-m. 
           -. Mrz        =      4621.753 kN-m. 
           -. Mr         =      5219.226 kN-m. 
           -. Pu/Pr      =   0.403  --->  O.K ! 
           -. Muy/Mry    =   0.405  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.405  --->  O.K ! 
           -. Ratio      =   0.405  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1688.18 kN. 
           -. Vuz    =        603.71 kN. 
           -. Muy    =      -1481.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        257.69 kN. 
           -. Muz    =      -1132.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      603.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1255.45 kN. 
           -. phiVcz    = phi * Vcz =     1129.90 kN. 
 
           -. Vuy       =      257.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1212.89 kN. 
           -. phiVcy    = phi * Vcy =     1091.60 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2132.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5893.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2132.20 kN. 
           -. phiVsz   = phi*Vsz =     1918.98 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2109.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5935.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2109.11 kN. 
           -. phiVsy   = phi*Vsy =     1898.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     656.410 kN. 
           -. Vr       =    2989.799 kN. 
           -. Ratio    = Vu / Vr = 0.220  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      729.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      729.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            665.09       990.87      1175.43      1769.64      1874.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      665.09       990.87      1175.43      1769.64      1874.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      990.87 kN-m. 
           -. End Moments (My2) =     1175.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1175.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1175.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1769.64 kN-m. 
           -. End Moments (Mz2) =     1874.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1874.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1874.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1538.980 kN. 
           -. Mry        =      2705.549 kN-m. 
           -. Mrz        =      4318.020 kN-m. 
           -. Mr         =      5095.615 kN-m. 
           -. Pu/Pr      =   0.432  --->  O.K ! 
           -. Muy/Mry    =   0.434  --->  O.K ! 
           -. Muz/Mrz    =   0.434  --->  O.K ! 
           -. Mu/Mr      =   0.434  --->  O.K ! 
           -. Ratio      =   0.434  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1704.87 kN. 
           -. Vuz    =        479.88 kN. 
           -. Muy    =      -1725.61 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        212.55 kN. 
           -. Muz    =      -1113.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      479.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1241.84 kN. 
           -. phiVcz    = phi * Vcz =     1117.66 kN. 
 
           -. Vuy       =      212.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1199.14 kN. 
           -. phiVcy    = phi * Vcy =     1079.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5906.64 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.95 kN. 
           -. phiVsz   = phi*Vsz =     1912.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2101.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5949.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2101.38 kN. 
           -. phiVsy   = phi*Vsy =     1891.24 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     524.842 kN. 
           -. Vr       =    2970.465 kN. 
           -. Ratio    = Vu / Vr = 0.177  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      583.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      583.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            677.07      1175.43      1317.44      1874.82      1938.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      677.07      1175.43      1317.44      1874.82      1938.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1175.43 kN-m. 
           -. End Moments (My2) =     1317.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1317.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1317.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1874.82 kN-m. 
           -. End Moments (Mz2) =     1938.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1938.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1938.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1461.334 kN. 
           -. Mry        =      2869.895 kN-m. 
           -. Mrz        =      4208.254 kN-m. 
           -. Mr         =      5093.692 kN-m. 
           -. Pu/Pr      =   0.463  --->  O.K ! 
           -. Muy/Mry    =   0.459  --->  O.K ! 
           -. Muz/Mrz    =   0.461  --->  O.K ! 
           -. Mu/Mr      =   0.463  --->  O.K ! 
           -. Ratio      =   0.463  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1721.56 kN. 
           -. Vuz    =        361.34 kN. 
           -. Muy    =      -1909.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        172.45 kN. 
           -. Muz    =      -1084.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      361.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1234.99 kN. 
           -. phiVcz    = phi * Vcz =     1111.49 kN. 
 
           -. Vuy       =      172.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1192.22 kN. 
           -. phiVcy    = phi * Vcy =     1073.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2121.25 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5913.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2121.25 kN. 
           -. phiVsz   = phi*Vsz =     1909.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2097.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5956.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2097.44 kN. 
           -. phiVsy   = phi*Vsy =     1887.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     400.384 kN. 
           -. Vr       =    2960.688 kN. 
           -. Ratio    = Vu / Vr = 0.135  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      444.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      444.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 34 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111108,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            689.04      1317.44      1420.63      1938.88      1969.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      689.04      1317.44      1420.63      1938.88      1969.28 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1317.44 kN-m. 
           -. End Moments (My2) =     1420.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1420.63 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1420.63 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1938.88 kN-m. 
           -. End Moments (Mz2) =     1969.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1969.28 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1969.28 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1458.499 kN. 
           -. Mry        =      2993.580 kN-m. 
           -. Mrz        =      4124.975 kN-m. 
           -. Mr         =      5096.758 kN-m. 
           -. Pu/Pr      =   0.472  --->  O.K ! 
           -. Muy/Mry    =   0.475  --->  O.K ! 
           -. Muz/Mrz    =   0.477  --->  O.K ! 
           -. Mu/Mr      =   0.477  --->  O.K ! 
           -. Ratio      =   0.477  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1738.25 kN. 
           -. Vuz    =        249.37 kN. 
           -. Muy    =      -2039.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        138.34 kN. 
           -. Muz    =      -1049.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      249.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1234.11 kN. 
           -. phiVcz    = phi * Vcz =     1110.70 kN. 
 
           -. Vuy       =      138.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1191.34 kN. 
           -. phiVcy    = phi * Vcy =     1072.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2120.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5914.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2120.78 kN. 
           -. phiVsz   = phi*Vsz =     1908.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2096.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5957.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2096.93 kN. 
           -. phiVsy   = phi*Vsy =     1887.24 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     285.173 kN. 
           -. Vr       =    2959.439 kN. 
           -. Ratio    = Vu / Vr = 0.096  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      316.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      316.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111109,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            701.01      1420.63      1488.20      1969.28      1962.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      701.01      1420.63      1488.20      1969.28      1962.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1420.63 kN-m. 
           -. End Moments (My2) =     1488.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1488.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1488.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1962.30 kN-m. 
           -. End Moments (Mz2) =     1969.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1962.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1962.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1437.215 kN. 
           -. Mry        =      3077.365 kN-m. 
           -. Mrz        =      4053.811 kN-m. 
           -. Mr         =      5089.554 kN-m. 
           -. Pu/Pr      =   0.488  --->  O.K ! 
           -. Muy/Mry    =   0.484  --->  O.K ! 
           -. Muz/Mrz    =   0.484  --->  O.K ! 
           -. Mu/Mr      =   0.488  --->  O.K ! 
           -. Ratio      =   0.488  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1754.94 kN. 
           -. Vuz    =        145.24 kN. 
           -. Muy    =      -2119.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        130.74 kN. 
           -. Muz    =      -1003.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      145.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1237.20 kN. 
           -. phiVcz    = phi * Vcz =     1113.48 kN. 
 
           -. Vuy       =      130.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1194.45 kN. 
           -. phiVcy    = phi * Vcy =     1075.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2122.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5911.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2122.45 kN. 
           -. phiVsz   = phi*Vsz =     1910.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5954.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.71 kN. 
           -. phiVsy   = phi*Vsy =     1888.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     195.418 kN. 
           -. Vr       =    2963.850 kN. 
           -. Ratio    = Vu / Vr = 0.066  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      217.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      217.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111110,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            701.00      1488.20      1519.26      1962.30      1922.48 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      701.00      1488.20      1519.26      1962.30      1922.48 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1488.20 kN-m. 
           -. End Moments (My2) =     1519.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1488.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1488.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1922.48 kN-m. 
           -. End Moments (Mz2) =     1962.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1962.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1962.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1437.215 kN. 
           -. Mry        =      3077.365 kN-m. 
           -. Mrz        =      4053.811 kN-m. 
           -. Mr         =      5089.554 kN-m. 
           -. Pu/Pr      =   0.488  --->  O.K ! 
           -. Muy/Mry    =   0.484  --->  O.K ! 
           -. Muz/Mrz    =   0.484  --->  O.K ! 
           -. Mu/Mr      =   0.488  --->  O.K ! 
           -. Ratio      =   0.488  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1638.01 kN. 
           -. Vuz    =         66.90 kN. 
           -. Muy    =      -1526.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        155.72 kN. 
           -. Muz    =      -1874.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1237.31 kN. 
           -. phiVcz    = phi * Vcz =     1113.58 kN. 
 
           -. Vuy       =      155.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1194.56 kN. 
           -. phiVcy    = phi * Vcy =     1075.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2122.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5911.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2122.51 kN. 
           -. phiVsz   = phi*Vsz =     1910.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5953.93 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.77 kN. 
           -. phiVsy   = phi*Vsy =     1888.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     169.485 kN. 
           -. Vr       =    2964.001 kN. 
           -. Ratio    = Vu / Vr = 0.057  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      188.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      188.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111111,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            712.97      1519.26      1517.09      1922.48      1854.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      712.97      1519.26      1517.09      1922.48      1854.28 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1517.09 kN-m. 
           -. End Moments (My2) =     1519.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1519.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1519.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1854.28 kN-m. 
           -. End Moments (Mz2) =     1922.48 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1922.48 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1922.48 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1488.321 kN. 
           -. Mry        =      3159.357 kN-m. 
           -. Mrz        =      3995.451 kN-m. 
           -. Mr         =      5093.639 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.481  --->  O.K ! 
           -. Muz/Mrz    =   0.481  --->  O.K ! 
           -. Mu/Mr      =   0.481  --->  O.K ! 
           -. Ratio      =   0.481  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1654.68 kN. 
           -. Vuz    =         31.42 kN. 
           -. Muy    =      -1563.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        196.62 kN. 
           -. Muz    =      -1805.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 49 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       31.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1236.62 kN. 
           -. phiVcz    = phi * Vcz =     1112.96 kN. 
 
           -. Vuy       =      196.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1193.86 kN. 
           -. phiVcy    = phi * Vcy =     1074.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2122.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5911.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2122.13 kN. 
           -. phiVsz   = phi*Vsz =     1909.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5954.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.38 kN. 
           -. phiVsy   = phi*Vsy =     1888.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     199.117 kN. 
           -. Vr       =    2963.018 kN. 
           -. Ratio    = Vu / Vr = 0.067  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      221.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      221.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111112,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            724.94      1517.09      1485.45      1854.28      1761.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      724.94      1517.09      1485.45      1854.28      1761.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1485.45 kN-m. 
           -. End Moments (My2) =     1517.09 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1517.09 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1517.09 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1761.83 kN-m. 
           -. End Moments (Mz2) =     1854.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1854.28 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1854.28 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1536.557 kN. 
           -. Mry        =      3228.225 kN-m. 
           -. Mrz        =      3945.048 kN-m. 
           -. Mr         =      5097.533 kN-m. 
           -. Pu/Pr      =   0.472  --->  O.K ! 
           -. Muy/Mry    =   0.470  --->  O.K ! 
           -. Muz/Mrz    =   0.470  --->  O.K ! 
           -. Mu/Mr      =   0.472  --->  O.K ! 
           -. Ratio      =   0.472  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1671.36 kN. 
           -. Vuz    =         66.36 kN. 
           -. Muy    =      -1566.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        230.65 kN. 
           -. Muz    =      -1715.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1240.43 kN. 
           -. phiVcz    = phi * Vcz =     1116.39 kN. 
 
           -. Vuy       =      230.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1197.71 kN. 
           -. phiVcy    = phi * Vcy =     1077.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5908.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.19 kN. 
           -. phiVsz   = phi*Vsz =     1911.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2100.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5950.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2100.57 kN. 
           -. phiVsy   = phi*Vsy =     1890.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     240.008 kN. 
           -. Vr       =    2968.456 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      266.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      266.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            736.92      1485.45      1428.32      1761.83      1649.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      736.92      1485.45      1428.32      1761.83      1649.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1428.32 kN-m. 
           -. End Moments (My2) =     1485.45 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1485.45 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1485.45 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1649.34 kN-m. 
           -. End Moments (Mz2) =     1761.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1761.83 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1761.83 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1628.865 kN. 
           -. Mry        =      3289.873 kN-m. 
           -. Mrz        =      3903.489 kN-m. 
           -. Mr         =      5104.948 kN-m. 
           -. Pu/Pr      =   0.452  --->  O.K ! 
           -. Muy/Mry    =   0.452  --->  O.K ! 
           -. Muz/Mrz    =   0.451  --->  O.K ! 
           -. Mu/Mr      =   0.452  --->  O.K ! 
           -. Ratio      =   0.452  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1688.03 kN. 
           -. Vuz    =        116.56 kN. 
           -. Muy    =      -1537.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.77 
 
           -. Vuy    =        257.44 kN. 
           -. Muz    =      -1607.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      116.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1249.44 kN. 
           -. phiVcz    = phi * Vcz =     1124.50 kN. 
 
           -. Vuy       =      257.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1206.82 kN. 
           -. phiVcy    = phi * Vcy =     1086.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2129.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5899.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2129.01 kN. 
           -. phiVsz   = phi*Vsz =     1916.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2105.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5941.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2105.71 kN. 
           -. phiVsy   = phi*Vsy =     1895.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     282.600 kN. 
           -. Vr       =    2981.276 kN. 
           -. Ratio    = Vu / Vr = 0.095  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      314.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      314.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            748.90      1428.32      1349.84      1649.34      1520.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      748.90      1428.32      1349.84      1649.34      1520.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1349.84 kN-m. 
           -. End Moments (My2) =     1428.32 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1428.32 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1428.32 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1520.06 kN-m. 
           -. End Moments (Mz2) =     1649.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1649.34 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1649.34 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1764.465 kN. 
           -. Mry        =      3346.554 kN-m. 
           -. Mrz        =      3869.256 kN-m. 
           -. Mr         =      5115.717 kN-m. 
           -. Pu/Pr      =   0.424  --->  O.K ! 
           -. Muy/Mry    =   0.427  --->  O.K ! 
           -. Muz/Mrz    =   0.426  --->  O.K ! 
           -. Mu/Mr      =   0.427  --->  O.K ! 
           -. Ratio      =   0.427  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1704.70 kN. 
           -. Vuz    =        159.93 kN. 
           -. Muy    =      -1481.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        276.85 kN. 
           -. Muz    =      -1484.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      159.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1264.08 kN. 
           -. phiVcz    = phi * Vcz =     1137.67 kN. 
 
           -. Vuy       =      276.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1221.62 kN. 
           -. phiVcy    = phi * Vcy =     1099.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2136.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5884.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2136.73 kN. 
           -. phiVsz   = phi*Vsz =     1923.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2113.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5926.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2113.95 kN. 
           -. phiVsy   = phi*Vsy =     1902.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     319.727 kN. 
           -. Vr       =    3002.012 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      355.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      355.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            760.87      1349.84      1254.18      1520.06      1378.45 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      760.87      1349.84      1254.18      1520.06      1378.45 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1254.18 kN-m. 
           -. End Moments (My2) =     1349.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1349.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1349.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1378.45 kN-m. 
           -. End Moments (Mz2) =     1520.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1520.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1520.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1905.033 kN. 
           -. Mry        =      3401.004 kN-m. 
           -. Mrz        =      3834.072 kN-m. 
           -. Mr         =      5125.128 kN-m. 
           -. Pu/Pr      =   0.399  --->  O.K ! 
           -. Muy/Mry    =   0.397  --->  O.K ! 
           -. Muz/Mrz    =   0.396  --->  O.K ! 
           -. Mu/Mr      =   0.399  --->  O.K ! 
           -. Ratio      =   0.399  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1721.37 kN. 
           -. Vuz    =        195.05 kN. 
           -. Muy    =      -1403.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        289.06 kN. 
           -. Muz    =      -1350.32 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      195.05 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.36 kN. 
           -. phiVcz    = phi * Vcz =     1155.93 kN. 
 
           -. Vuy       =      289.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.16 kN. 
           -. phiVcy    = phi * Vcy =     1117.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.20 kN. 
           -. phiVsz   = phi*Vsz =     1932.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.12 kN. 
           -. phiVsy   = phi*Vsy =     1912.61 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     348.711 kN. 
           -. Vr       =    3030.550 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      387.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      387.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            772.85      1254.18      1145.50      1378.45      1228.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      772.85      1254.18      1145.50      1378.45      1228.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1145.50 kN-m. 
           -. End Moments (My2) =     1254.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1254.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1254.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1228.87 kN-m. 
           -. End Moments (Mz2) =     1378.45 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1378.45 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1378.45 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2148.854 kN. 
           -. Mry        =      3461.042 kN-m. 
           -. Mrz        =      3798.484 kN-m. 
           -. Mr         =      5138.803 kN-m. 
           -. Pu/Pr      =   0.360  --->  O.K ! 
           -. Muy/Mry    =   0.362  --->  O.K ! 
           -. Muz/Mrz    =   0.363  --->  O.K ! 
           -. Mu/Mr      =   0.363  --->  O.K ! 
           -. Ratio      =   0.363  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1738.04 kN. 
           -. Vuz    =        222.15 kN. 
           -. Muy    =      -1306.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        295.55 kN. 
           -. Muz    =      -1208.55 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      222.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1309.78 kN. 
           -. phiVcz    = phi * Vcz =     1178.81 kN. 
 
           -. Vuy       =      295.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1267.94 kN. 
           -. phiVcy    = phi * Vcy =     1141.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2159.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5838.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2159.96 kN. 
           -. phiVsz   = phi*Vsz =     1943.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2138.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5880.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2138.74 kN. 
           -. phiVsy   = phi*Vsy =     1924.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     369.728 kN. 
           -. Vr       =    3066.017 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      410.81 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      410.81 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111117,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            667.78      1530.06      1365.82       685.65       602.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      667.78      1530.06      1365.82       685.65       602.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1365.82 kN-m. 
           -. End Moments (My2) =     1530.06 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1530.06 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1530.06 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      602.72 kN-m. 
           -. End Moments (Mz2) =      685.65 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      685.65 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      685.65 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2053.135 kN. 
           -. Mry        =      4683.705 kN-m. 
           -. Mrz        =      2100.593 kN-m. 
           -. Mr         =      5133.184 kN-m. 
           -. Pu/Pr      =   0.325  --->  O.K ! 
           -. Muy/Mry    =   0.327  --->  O.K ! 
           -. Muz/Mrz    =   0.326  --->  O.K ! 
           -. Mu/Mr      =   0.327  --->  O.K ! 
           -. Ratio      =   0.327  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1754.71 kN. 
           -. Vuz    =        241.61 kN. 
           -. Muy    =      -1195.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =        295.45 kN. 
           -. Muz    =      -1062.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      241.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1340.06 kN. 
           -. phiVcz    = phi * Vcz =     1206.05 kN. 
 
           -. Vuy       =      295.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1298.71 kN. 
           -. phiVcy    = phi * Vcy =     1168.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2174.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5808.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2174.66 kN. 
           -. phiVsz   = phi*Vsz =     1957.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2154.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5849.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2154.45 kN. 
           -. phiVsy   = phi*Vsy =     1939.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     381.665 kN. 
           -. Vr       =    3107.845 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      424.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      424.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111118,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            679.75      1365.82      1195.75       602.72       519.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      679.75      1365.82      1195.75       602.72       519.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1195.75 kN-m. 
           -. End Moments (My2) =     1365.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1365.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1365.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      519.83 kN-m. 
           -. End Moments (Mz2) =      602.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      602.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      602.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2365.469 kN. 
           -. Mry        =      4711.426 kN-m. 
           -. Mrz        =      2087.587 kN-m. 
           -. Mr         =      5153.209 kN-m. 
           -. Pu/Pr      =   0.287  --->  O.K ! 
           -. Muy/Mry    =   0.290  --->  O.K ! 
           -. Muz/Mrz    =   0.289  --->  O.K ! 
           -. Mu/Mr      =   0.290  --->  O.K ! 
           -. Ratio      =   0.290  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1771.38 kN. 
           -. Vuz    =        253.85 kN. 
           -. Muy    =      -1074.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        289.01 kN. 
           -. Muz    =       -916.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 77 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      253.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1374.69 kN. 
           -. phiVcz    = phi * Vcz =     1237.22 kN. 
 
           -. Vuy       =      289.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1333.99 kN. 
           -. phiVcy    = phi * Vcy =     1200.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2190.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5773.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2190.85 kN. 
           -. phiVsz   = phi*Vsz =     1971.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2171.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5814.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2171.76 kN. 
           -. phiVsy   = phi*Vsy =     1954.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     384.666 kN. 
           -. Vr       =    3155.174 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      427.41 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      427.41 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111119,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1905.12     -1238.94     -1063.56      -370.93      -303.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1905.12     -1238.94     -1063.56      -370.93      -303.15 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1063.56 kN-m. 
           -. End Moments (My2) =     1238.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1238.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1238.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      303.15 kN-m. 
           -. End Moments (Mz2) =      370.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -370.93 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -370.93 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7508.707 kN. 
           -. Mry        =      4879.251 kN-m. 
           -. Mrz        =      1464.324 kN-m. 
           -. Mr         =      5094.245 kN-m. 
           -. Pu/Pr      =   0.254  --->  O.K ! 
           -. Muy/Mry    =   0.254  --->  O.K ! 
           -. Muz/Mrz    =   0.253  --->  O.K ! 
           -. Mu/Mr      =   0.254  --->  O.K ! 
           -. Ratio      =   0.254  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1905.12 kN. 
           -. Vuz    =        350.98 kN. 
           -. Muy    =      -1238.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =        140.09 kN. 
           -. Muz    =       -370.93 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      350.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1388.34 kN. 
           -. phiVcz    = phi * Vcz =     1249.50 kN. 
 
           -. Vuy       =      140.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1347.92 kN. 
           -. phiVcy    = phi * Vcy =     1213.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2197.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5760.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2197.05 kN. 
           -. phiVsz   = phi*Vsz =     1977.35 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2178.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5800.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2178.40 kN. 
           -. phiVsy   = phi*Vsy =     1960.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     377.909 kN. 
           -. Vr       =    3173.688 kN. 
           -. Ratio    = Vu / Vr = 0.119  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      419.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      419.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 82 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111120,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1921.80     -1063.56      -892.55      -303.15      -241.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1921.80     -1063.56      -892.55      -303.15      -241.56 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      892.55 kN-m. 
           -. End Moments (My2) =     1063.56 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1063.56 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1063.56 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      241.56 kN-m. 
           -. End Moments (Mz2) =      303.15 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -303.15 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -303.15 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 84 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8575.684 kN. 
           -. Mry        =      4758.537 kN-m. 
           -. Mrz        =      1359.086 kN-m. 
           -. Mr         =      4948.817 kN-m. 
           -. Pu/Pr      =   0.224  --->  O.K ! 
           -. Muy/Mry    =   0.224  --->  O.K ! 
           -. Muz/Mrz    =   0.223  --->  O.K ! 
           -. Mu/Mr      =   0.224  --->  O.K ! 
           -. Ratio      =   0.224  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1921.80 kN. 
           -. Vuz    =        342.18 kN. 
           -. Muy    =      -1063.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.42 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.16 
 
           -. Vuy    =        127.52 kN. 
           -. Muz    =       -303.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.07 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      342.18 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1428.56 kN. 
           -. phiVcz    = phi * Vcz =     1285.70 kN. 
 
           -. Vuy       =      127.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1389.06 kN. 
           -. phiVcy    = phi * Vcy =     1250.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2214.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5719.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2214.78 kN. 
           -. phiVsz   = phi*Vsz =     1993.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2197.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5759.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2197.37 kN. 
           -. phiVsy   = phi*Vsy =     1977.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     365.171 kN. 
           -. Vr       =    3227.790 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      405.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      405.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111121,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1938.48      -892.55      -730.65      -241.56      -186.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1938.48      -892.55      -730.65      -241.56      -186.96 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      730.65 kN-m. 
           -. End Moments (My2) =      892.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -892.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -892.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      186.96 kN-m. 
           -. End Moments (Mz2) =      241.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -241.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -241.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10159.267 kN. 
           -. Mry        =      4653.574 kN-m. 
           -. Mrz        =      1261.036 kN-m. 
           -. Mr         =      4821.407 kN-m. 
           -. Pu/Pr      =   0.191  --->  O.K ! 
           -. Muy/Mry    =   0.192  --->  O.K ! 
           -. Muz/Mrz    =   0.192  --->  O.K ! 
           -. Mu/Mr      =   0.192  --->  O.K ! 
           -. Ratio      =   0.192  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1938.48 kN. 
           -. Vuz    =        323.88 kN. 
           -. Muy    =       -892.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.26 
 
           -. Vuy    =        113.64 kN. 
           -. Muz    =       -241.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.17 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      323.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1471.60 kN. 
           -. phiVcz    = phi * Vcz =     1324.44 kN. 
 
           -. Vuy       =      113.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1433.22 kN. 
           -. phiVcy    = phi * Vcy =     1289.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2232.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5676.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2232.89 kN. 
           -. phiVsz   = phi*Vsz =     2009.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2216.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5715.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2216.78 kN. 
           -. phiVsy   = phi*Vsy =     1995.10 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.243 kN. 
           -. Vr       =    3285.000 kN. 
           -. Ratio    = Vu / Vr = 0.104  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      381.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      381.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111122,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1955.16      -730.65      -581.50      -186.96      -139.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1955.16      -730.65      -581.50      -186.96      -139.81 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      581.50 kN-m. 
           -. End Moments (My2) =      730.65 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -730.65 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -730.65 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      139.81 kN-m. 
           -. End Moments (Mz2) =      186.96 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -186.96 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -186.96 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12077.843 kN. 
           -. Mry        =      4488.458 kN-m. 
           -. Mrz        =      1148.426 kN-m. 
           -. Mr         =      4633.048 kN-m. 
           -. Pu/Pr      =   0.162  --->  O.K ! 
           -. Muy/Mry    =   0.163  --->  O.K ! 
           -. Muz/Mrz    =   0.163  --->  O.K ! 
           -. Mu/Mr      =   0.163  --->  O.K ! 
           -. Ratio      =   0.163  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1955.16 kN. 
           -. Vuz    =        298.34 kN. 
           -. Muy    =       -730.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.36 
 
           -. Vuy    =         99.07 kN. 
           -. Muz    =       -186.96 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.27 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      298.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1516.15 kN. 
           -. phiVcz    = phi * Vcz =     1364.54 kN. 
 
           -. Vuy       =       99.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1479.07 kN. 
           -. phiVcy    = phi * Vcy =     1331.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2250.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5632.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2250.77 kN. 
           -. phiVsz   = phi*Vsz =     2025.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2235.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5669.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2235.95 kN. 
           -. phiVsy   = phi*Vsy =     2012.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     314.359 kN. 
           -. Vr       =    3343.521 kN. 
           -. Ratio    = Vu / Vr = 0.094  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      349.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      349.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111123,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1971.83      -581.50      -447.68      -139.81      -100.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1971.83      -581.50      -447.68      -139.81      -100.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      447.68 kN-m. 
           -. End Moments (My2) =      581.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -581.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -581.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      100.36 kN-m. 
           -. End Moments (Mz2) =      139.81 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -139.81 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -139.81 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14339.510 kN. 
           -. Mry        =      4253.404 kN-m. 
           -. Mrz        =      1021.088 kN-m. 
           -. Mr         =      4374.250 kN-m. 
           -. Pu/Pr      =   0.138  --->  O.K ! 
           -. Muy/Mry    =   0.137  --->  O.K ! 
           -. Muz/Mrz    =   0.137  --->  O.K ! 
           -. Mu/Mr      =   0.138  --->  O.K ! 
           -. Ratio      =   0.138  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1971.83 kN. 
           -. Vuz    =        267.67 kN. 
           -. Muy    =       -581.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.45 
 
           -. Vuy    =         84.34 kN. 
           -. Muz    =       -139.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      267.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1560.85 kN. 
           -. phiVcz    = phi * Vcz =     1404.77 kN. 
 
           -. Vuy       =       84.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1525.23 kN. 
           -. phiVcy    = phi * Vcy =     1372.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2267.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5587.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2267.87 kN. 
           -. phiVsz   = phi*Vsz =     2041.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2254.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5623.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2254.31 kN. 
           -. phiVsy   = phi*Vsy =     2028.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     280.644 kN. 
           -. Vr       =    3401.586 kN. 
           -. Ratio    = Vu / Vr = 0.083  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      311.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      311.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111124,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1988.51      -447.68      -330.84      -100.36       -68.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1988.51      -447.68      -330.84      -100.36       -68.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      330.84 kN-m. 
           -. End Moments (My2) =      447.68 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -447.68 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -447.68 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       68.66 kN-m. 
           -. End Moments (Mz2) =      100.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -100.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -100.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 100 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17162.755 kN. 
           -. Mry        =      3867.785 kN-m. 
           -. Mrz        =       863.473 kN-m. 
           -. Mr         =      3962.997 kN-m. 
           -. Pu/Pr      =   0.116  --->  O.K ! 
           -. Muy/Mry    =   0.116  --->  O.K ! 
           -. Muz/Mrz    =   0.116  --->  O.K ! 
           -. Mu/Mr      =   0.116  --->  O.K ! 
           -. Ratio      =   0.116  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1988.51 kN. 
           -. Vuz    =        233.72 kN. 
           -. Muy    =       -447.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =         69.92 kN. 
           -. Muz    =       -100.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      233.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1604.36 kN. 
           -. phiVcz    = phi * Vcz =     1443.93 kN. 
 
           -. Vuy       =       69.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1570.32 kN. 
           -. phiVcy    = phi * Vcy =     1413.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2283.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5544.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2283.77 kN. 
           -. phiVsz   = phi*Vsz =     2055.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2271.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5578.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2271.39 kN. 
           -. phiVsy   = phi*Vsy =     2044.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     243.957 kN. 
           -. Vr       =    3457.531 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      271.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      271.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111125,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2005.18      -330.84      -231.81       -68.66       -44.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2005.18      -330.84      -231.81       -68.66       -44.55 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      231.81 kN-m. 
           -. End Moments (My2) =      330.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -330.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -330.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       44.55 kN-m. 
           -. End Moments (Mz2) =       68.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -68.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -68.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     20097.394 kN. 
           -. Mry        =      3314.219 kN-m. 
           -. Mrz        =       685.075 kN-m. 
           -. Mr         =      3384.284 kN-m. 
           -. Pu/Pr      =   0.100  --->  O.K ! 
           -. Muy/Mry    =   0.100  --->  O.K ! 
           -. Muz/Mrz    =   0.100  --->  O.K ! 
           -. Mu/Mr      =   0.100  --->  O.K ! 
           -. Ratio      =   0.100  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2005.18 kN. 
           -. Vuz    =        198.11 kN. 
           -. Muy    =       -330.84 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =         56.19 kN. 
           -. Muz    =        -68.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      198.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1645.41 kN. 
           -. phiVcz    = phi * Vcz =     1480.87 kN. 
 
           -. Vuy       =       56.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.98 kN. 
           -. phiVcy    = phi * Vcy =     1451.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2298.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5503.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2298.14 kN. 
           -. phiVsz   = phi*Vsz =     2068.32 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5535.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.83 kN. 
           -. phiVsy   = phi*Vsy =     2058.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.926 kN. 
           -. Vr       =    3509.831 kN. 
           -. Ratio    = Vu / Vr = 0.059  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      228.81 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      228.81 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111126,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2347.83       -73.14       -49.11        -8.55        -4.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2347.83       -73.14       -49.11        -8.55        -4.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       49.11 kN-m. 
           -. End Moments (My2) =       73.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 107 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -49.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -49.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.07 kN-m. 
           -. End Moments (Mz2) =        8.55 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       510.463 kN-m. 
           -. Mrz        =        43.044 kN-m. 
           -. Mr         =       512.274 kN-m. 
           -. Pu/Pr      =   0.096  --->  O.K ! 
           -. Muy/Mry    =   0.096  --->  O.K ! 
           -. Muz/Mrz    =   0.095  --->  O.K ! 
           -. Mu/Mr      =   0.096  --->  O.K ! 
           -. Ratio      =   0.096  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2021.86 kN. 
           -. Vuz    =        162.20 kN. 
           -. Muy    =       -231.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.72 
 
           -. Vuy    =         43.42 kN. 
           -. Muz    =        -44.55 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.66 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      162.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1682.85 kN. 
           -. phiVcz    = phi * Vcz =     1514.57 kN. 
 
           -. Vuy       =       43.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1652.02 kN. 
           -. phiVcy    = phi * Vcy =     1486.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2310.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5465.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2310.74 kN. 
           -. phiVsz   = phi*Vsz =     2079.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2300.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5496.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2300.40 kN. 
           -. phiVsy   = phi*Vsy =     2070.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     167.909 kN. 
           -. Vr       =    3557.175 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      186.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      186.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111127,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2364.48       -49.11       -30.11        -4.07        -1.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2364.48       -49.11       -30.11        -4.07        -1.79 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       30.11 kN-m. 
           -. End Moments (My2) =       49.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -30.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -30.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.79 kN-m. 
           -. End Moments (Mz2) =        4.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.79 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.79 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       310.812 kN-m. 
           -. Mrz        =        18.680 kN-m. 
           -. Mr         =       311.373 kN-m. 
           -. Pu/Pr      =   0.097  --->  O.K ! 
           -. Muy/Mry    =   0.097  --->  O.K ! 
           -. Muz/Mrz    =   0.096  --->  O.K ! 
           -. Mu/Mr      =   0.097  --->  O.K ! 
           -. Ratio      =   0.097  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2038.53 kN. 
           -. Vuz    =        127.06 kN. 
           -. Muy    =       -150.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.80 
 
           -. Vuy    =         31.84 kN. 
           -. Muz    =        -27.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.73 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      127.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1715.78 kN. 
           -. phiVcz    = phi * Vcz =     1544.21 kN. 
 
           -. Vuy       =       31.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1686.44 kN. 
           -. phiVcy    = phi * Vcy =     1517.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2321.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5432.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2321.46 kN. 
           -. phiVsz   = phi*Vsz =     2089.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2311.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5462.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2311.93 kN. 
           -. phiVsy   = phi*Vsy =     2080.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     130.990 kN. 
           -. Vr       =    3598.532 kN. 
           -. Ratio    = Vu / Vr = 0.036  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      145.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      145.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111128,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2381.14       -30.11       -15.97        -1.79        -1.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2381.14       -30.11       -15.97        -1.79        -1.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       15.97 kN-m. 
           -. End Moments (My2) =       30.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.39 kN-m. 
           -. End Moments (Mz2) =        1.79 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       163.655 kN-m. 
           -. Mrz        =        14.035 kN-m. 
           -. Mr         =       164.256 kN-m. 
           -. Pu/Pr      =   0.098  --->  O.K ! 
           -. Muy/Mry    =   0.098  --->  O.K ! 
           -. Muz/Mrz    =   0.099  --->  O.K ! 
           -. Mu/Mr      =   0.099  --->  O.K ! 
           -. Ratio      =   0.099  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2071.86 kN. 
           -. Vuz    =         93.53 kN. 
           -. Muy    =        -40.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.86 
 
           -. Vuy    =         21.60 kN. 
           -. Muz    =        -20.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.80 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       93.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1743.12 kN. 
           -. phiVcz    = phi * Vcz =     1568.80 kN. 
 
           -. Vuy       =       21.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1715.08 kN. 
           -. phiVcy    = phi * Vcy =     1543.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2330.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5405.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2330.09 kN. 
           -. phiVsz   = phi*Vsz =     2097.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2321.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5433.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2321.23 kN. 
           -. phiVsy   = phi*Vsy =     2089.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      95.996 kN. 
           -. Vr       =    3632.676 kN. 
           -. Ratio    = Vu / Vr = 0.026  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      106.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      106.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111129,  LCB = 148-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2381.14       -15.97       -13.11        -1.39        -3.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2381.14       -15.97       -13.11        -1.39        -3.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.11 kN-m. 
           -. End Moments (My2) =       15.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.39 kN-m. 
           -. End Moments (Mz2) =        3.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 120 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       163.655 kN-m. 
           -. Mrz        =        14.035 kN-m. 
           -. Mr         =       164.256 kN-m. 
           -. Pu/Pr      =   0.098  --->  O.K ! 
           -. Muy/Mry    =   0.098  --->  O.K ! 
           -. Muz/Mrz    =   0.099  --->  O.K ! 
           -. Mu/Mr      =   0.099  --->  O.K ! 
           -. Ratio      =   0.099  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2088.53 kN. 
           -. Vuz    =         66.77 kN. 
           -. Muy    =         -9.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =         14.13 kN. 
           -. Muz    =        -26.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1756.35 kN. 
           -. phiVcz    = phi * Vcz =     1580.71 kN. 
 
           -. Vuy       =       14.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.96 kN. 
           -. phiVcy    = phi * Vcy =     1556.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.20 kN. 
           -. phiVsz   = phi*Vsz =     2100.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5419.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.65 kN. 
           -. phiVsy   = phi*Vsy =     2093.08 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      68.249 kN. 
           -. Vr       =    3649.151 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       75.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       75.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111130,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2414.45       -13.11       -12.99        -3.77        -5.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2414.45       -13.11       -12.99        -3.77        -5.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.99 kN-m. 
           -. End Moments (My2) =       13.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -12.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -12.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.77 kN-m. 
           -. End Moments (Mz2) =        5.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -5.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -5.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       131.296 kN-m. 
           -. Mrz        =        57.452 kN-m. 
           -. Mr         =       143.316 kN-m. 
           -. Pu/Pr      =   0.099  --->  O.K ! 
           -. Muy/Mry    =   0.099  --->  O.K ! 
           -. Muz/Mrz    =   0.099  --->  O.K ! 
           -. Mu/Mr      =   0.099  --->  O.K ! 
           -. Ratio      =   0.099  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2105.20 kN. 
           -. Vuz    =         50.76 kN. 
           -. Muy    =        -22.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         10.08 kN. 
           -. Muz    =        -30.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       50.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1763.35 kN. 
           -. phiVcz    = phi * Vcz =     1587.01 kN. 
 
           -. Vuy       =       10.08 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1736.31 kN. 
           -. phiVcy    = phi * Vcy =     1562.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.35 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5385.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.35 kN. 
           -. phiVsz   = phi*Vsz =     2102.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5412.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.97 kN. 
           -. phiVsy   = phi*Vsy =     2095.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      51.755 kN. 
           -. Vr       =    3657.848 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111131,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2431.11       -12.99       -13.83        -5.67        -7.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2431.11       -12.99       -13.83        -5.67        -7.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.99 kN-m. 
           -. End Moments (My2) =       13.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        5.67 kN-m. 
           -. End Moments (Mz2) =        7.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -7.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -7.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       138.805 kN-m. 
           -. Mrz        =        70.445 kN-m. 
           -. Mr         =       155.658 kN-m. 
           -. Pu/Pr      =   0.100  --->  O.K ! 
           -. Muy/Mry    =   0.100  --->  O.K ! 
           -. Muz/Mrz    =   0.100  --->  O.K ! 
           -. Mu/Mr      =   0.100  --->  O.K ! 
           -. Ratio      =   0.100  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2121.86 kN. 
           -. Vuz    =         36.61 kN. 
           -. Muy    =        -38.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          6.86 kN. 
           -. Muz    =        -32.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       36.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1763.18 kN. 
           -. phiVcz    = phi * Vcz =     1586.86 kN. 
 
           -. Vuy       =        6.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1736.13 kN. 
           -. phiVcy    = phi * Vcy =     1562.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5385.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.29 kN. 
           -. phiVsz   = phi*Vsz =     2102.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5412.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.91 kN. 
           -. phiVsy   = phi*Vsy =     2095.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      37.250 kN. 
           -. Vr       =    3657.634 kN. 
           -. Ratio    = Vu / Vr = 0.010  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       41.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       41.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111132,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2447.76       -13.83       -14.29        -7.02        -8.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2447.76       -13.83       -14.29        -7.02        -8.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.83 kN-m. 
           -. End Moments (My2) =       14.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -14.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -14.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        7.02 kN-m. 
           -. End Moments (Mz2) =        8.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       142.457 kN-m. 
           -. Mrz        =        79.991 kN-m. 
           -. Mr         =       163.379 kN-m. 
           -. Pu/Pr      =   0.100  --->  O.K ! 
           -. Muy/Mry    =   0.100  --->  O.K ! 
           -. Muz/Mrz    =   0.100  --->  O.K ! 
           -. Mu/Mr      =   0.100  --->  O.K ! 
           -. Ratio      =   0.100  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2138.53 kN. 
           -. Vuz    =         24.33 kN. 
           -. Muy    =        -49.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          4.44 kN. 
           -. Muz    =        -33.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       24.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1761.38 kN. 
           -. phiVcz    = phi * Vcz =     1585.24 kN. 
 
           -. Vuy       =        4.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1734.25 kN. 
           -. phiVcy    = phi * Vcy =     1560.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5387.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.74 kN. 
           -. phiVsz   = phi*Vsz =     2102.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5414.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.32 kN. 
           -. phiVsy   = phi*Vsy =     2094.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      24.732 kN. 
           -. Vr       =    3655.406 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       27.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       27.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111133,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2464.42       -14.29       -14.22        -8.02        -8.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2464.42       -14.29       -14.22        -8.02        -8.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       14.22 kN-m. 
           -. End Moments (My2) =       14.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -14.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -14.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.02 kN-m. 
           -. End Moments (Mz2) =        8.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       140.770 kN-m. 
           -. Mrz        =        84.928 kN-m. 
           -. Mr         =       164.405 kN-m. 
           -. Pu/Pr      =   0.101  --->  O.K ! 
           -. Muy/Mry    =   0.101  --->  O.K ! 
           -. Muz/Mrz    =   0.101  --->  O.K ! 
           -. Mu/Mr      =   0.101  --->  O.K ! 
           -. Ratio      =   0.101  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2155.20 kN. 
           -. Vuz    =         13.88 kN. 
           -. Muy    =        -55.53 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          2.94 kN. 
           -. Muz    =        -32.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1760.45 kN. 
           -. phiVcz    = phi * Vcz =     1584.41 kN. 
 
           -. Vuy       =        2.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1733.27 kN. 
           -. phiVcy    = phi * Vcy =     1559.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5388.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.46 kN. 
           -. phiVsz   = phi*Vsz =     2101.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5415.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.01 kN. 
           -. phiVsy   = phi*Vsy =     2094.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      14.187 kN. 
           -. Vr       =    3654.253 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       15.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       15.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111134,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2481.07       -14.22       -13.82        -8.58        -9.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2481.07       -14.22       -13.82        -8.58        -9.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.82 kN-m. 
           -. End Moments (My2) =       14.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.58 kN-m. 
           -. End Moments (Mz2) =        9.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       135.838 kN-m. 
           -. Mrz        =        88.994 kN-m. 
           -. Mr         =       162.394 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.101  --->  O.K ! 
           -. Mu/Mr      =   0.102  --->  O.K ! 
           -. Ratio      =   0.102  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1000.51 kN. 
           -. Vuz    =          4.89 kN. 
           -. Muy    =         41.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.26 
 
           -. Vuy    =          7.89 kN. 
           -. Muz    =         54.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1924.63 kN. 
           -. phiVcz    = phi * Vcz =     1732.17 kN. 
 
           -. Vuy       =        7.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1924.63 kN. 
           -. phiVcy    = phi * Vcy =     1732.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2382.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5223.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2382.24 kN. 
           -. phiVsz   = phi*Vsz =     2144.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2382.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5223.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2382.24 kN. 
           -. phiVsy   = phi*Vsy =     2144.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.285 kN. 
           -. Vr       =    3876.183 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111135,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2497.73       -13.82       -13.39        -9.03        -9.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2497.73       -13.82       -13.39        -9.03        -9.21 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.39 kN-m. 
           -. End Moments (My2) =       13.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.03 kN-m. 
           -. End Moments (Mz2) =        9.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.21 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.21 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       130.848 kN-m. 
           -. Mrz        =        89.847 kN-m. 
           -. Mr         =       158.725 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.102  --->  O.K ! 
           -. Mu/Mr      =   0.102  --->  O.K ! 
           -. Ratio      =   0.102  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1012.50 kN. 
           -. Vuz    =          1.59 kN. 
           -. Muy    =         41.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.26 
 
           -. Vuy    =         10.30 kN. 
           -. Muz    =         49.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1923.65 kN. 
           -. phiVcz    = phi * Vcz =     1731.29 kN. 
 
           -. Vuy       =       10.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1923.65 kN. 
           -. phiVcy    = phi * Vcy =     1731.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2381.98 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5224.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2381.98 kN. 
           -. phiVsz   = phi*Vsz =     2143.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2381.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5224.84 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2381.98 kN. 
           -. phiVsy   = phi*Vsy =     2143.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      10.422 kN. 
           -. Vr       =    3875.064 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       11.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       11.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111136,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2514.38       -13.39       -12.44        -9.21        -8.92 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2514.38       -13.39       -12.44        -9.21        -8.92 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.44 kN-m. 
           -. End Moments (My2) =       13.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -12.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -12.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.92 kN-m. 
           -. End Moments (Mz2) =        9.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.92 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.92 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       120.715 kN-m. 
           -. Mrz        =        86.541 kN-m. 
           -. Mr         =       148.531 kN-m. 
           -. Pu/Pr      =   0.103  --->  O.K ! 
           -. Muy/Mry    =   0.103  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.103  --->  O.K ! 
           -. Ratio      =   0.103  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1012.49 kN. 
           -. Vuz    =          4.92 kN. 
           -. Muy    =         41.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.26 
 
           -. Vuy    =         11.95 kN. 
           -. Muz    =         49.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1922.73 kN. 
           -. phiVcz    = phi * Vcz =     1730.46 kN. 
 
           -. Vuy       =       11.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1922.73 kN. 
           -. phiVcy    = phi * Vcy =     1730.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2381.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5225.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2381.73 kN. 
           -. phiVsz   = phi*Vsz =     2143.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2381.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5225.75 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2381.73 kN. 
           -. phiVsy   = phi*Vsy =     2143.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      12.922 kN. 
           -. Vr       =    3874.020 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       14.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       14.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111137,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2531.04       -12.44       -11.03        -8.92        -8.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2531.04       -12.44       -11.03        -8.92        -8.20 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       11.03 kN-m. 
           -. End Moments (My2) =       12.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -11.03 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -11.03 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.20 kN-m. 
           -. End Moments (Mz2) =        8.92 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.20 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.20 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       106.347 kN-m. 
           -. Mrz        =        79.055 kN-m. 
           -. Mr         =       132.512 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.104  --->  O.K ! 
           -. Mu/Mr      =   0.104  --->  O.K ! 
           -. Ratio      =   0.104  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2088.02 kN. 
           -. Vuz    =          8.07 kN. 
           -. Muy    =        -38.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         12.71 kN. 
           -. Muz    =        -46.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        8.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1771.12 kN. 
           -. phiVcz    = phi * Vcz =     1594.01 kN. 
 
           -. Vuy       =       12.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1744.48 kN. 
           -. phiVcy    = phi * Vcy =     1570.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2338.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5377.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2338.72 kN. 
           -. phiVsz   = phi*Vsz =     2104.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2330.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5404.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2330.52 kN. 
           -. phiVsy   = phi*Vsy =     2097.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.057 kN. 
           -. Vr       =    3667.501 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111138,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2547.70       -11.03        -9.37        -8.20        -7.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2547.70       -11.03        -9.37        -8.20        -7.20 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        9.37 kN-m. 
           -. End Moments (My2) =       11.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -9.37 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -9.37 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        7.20 kN-m. 
           -. End Moments (Mz2) =        8.20 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -7.20 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -7.20 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        89.737 kN-m. 
           -. Mrz        =        69.004 kN-m. 
           -. Mr         =       113.200 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.104  --->  O.K ! 
           -. Mu/Mr      =   0.104  --->  O.K ! 
           -. Ratio      =   0.104  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2104.68 kN. 
           -. Vuz    =          9.87 kN. 
           -. Muy    =        -34.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         13.66 kN. 
           -. Muz    =        -40.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1770.67 kN. 
           -. phiVcz    = phi * Vcz =     1593.60 kN. 
 
           -. Vuy       =       13.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1744.00 kN. 
           -. phiVcy    = phi * Vcy =     1569.60 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2338.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5377.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2338.58 kN. 
           -. phiVsz   = phi*Vsz =     2104.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2330.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5404.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2330.37 kN. 
           -. phiVsy   = phi*Vsy =     2097.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.851 kN. 
           -. Vr       =    3666.933 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111139,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2564.35        -9.37        -7.62        -7.20        -6.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2564.35        -9.37        -7.62        -7.20        -6.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.62 kN-m. 
           -. End Moments (My2) =        9.37 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        6.06 kN-m. 
           -. End Moments (Mz2) =        7.20 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -6.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -6.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        72.624 kN-m. 
           -. Mrz        =        57.553 kN-m. 
           -. Mr         =        92.664 kN-m. 
           -. Pu/Pr      =   0.105  --->  O.K ! 
           -. Muy/Mry    =   0.105  --->  O.K ! 
           -. Muz/Mrz    =   0.105  --->  O.K ! 
           -. Mu/Mr      =   0.105  --->  O.K ! 
           -. Ratio      =   0.105  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2121.34 kN. 
           -. Vuz    =         10.56 kN. 
           -. Muy    =        -29.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         13.87 kN. 
           -. Muz    =        -33.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1770.88 kN. 
           -. phiVcz    = phi * Vcz =     1593.79 kN. 
 
           -. Vuy       =       13.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1744.23 kN. 
           -. phiVcy    = phi * Vcy =     1569.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2338.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5377.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2338.64 kN. 
           -. phiVsz   = phi*Vsz =     2104.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2330.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5404.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2330.44 kN. 
           -. phiVsy   = phi*Vsy =     2097.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      17.434 kN. 
           -. Vr       =    3667.201 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       19.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       19.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111140,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2581.01        -7.62        -5.81        -6.06        -4.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2581.01        -7.62        -5.81        -6.06        -4.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.81 kN-m. 
           -. End Moments (My2) =        7.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.77 kN-m. 
           -. End Moments (Mz2) =        6.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        54.961 kN-m. 
           -. Mrz        =        45.046 kN-m. 
           -. Mr         =        71.062 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.106  --->  O.K ! 
           -. Mu/Mr      =   0.106  --->  O.K ! 
           -. Ratio      =   0.106  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2138.00 kN. 
           -. Vuz    =         11.12 kN. 
           -. Muy    =        -23.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         13.70 kN. 
           -. Muz    =        -26.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       11.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1771.31 kN. 
           -. phiVcz    = phi * Vcz =     1594.18 kN. 
 
           -. Vuy       =       13.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1744.68 kN. 
           -. phiVcy    = phi * Vcy =     1570.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2338.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5377.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2338.77 kN. 
           -. phiVsz   = phi*Vsz =     2104.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2330.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5403.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2330.58 kN. 
           -. phiVsy   = phi*Vsy =     2097.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      17.644 kN. 
           -. Vr       =    3667.733 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       19.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       19.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111141,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2597.66        -5.81        -4.05        -4.77        -3.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2597.66        -5.81        -4.05        -4.77        -3.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.05 kN-m. 
           -. End Moments (My2) =        5.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.41 kN-m. 
           -. End Moments (Mz2) =        4.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        38.021 kN-m. 
           -. Mrz        =        32.032 kN-m. 
           -. Mr         =        49.716 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.106  --->  O.K ! 
           -. Mu/Mr      =   0.106  --->  O.K ! 
           -. Ratio      =   0.106  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2154.65 kN. 
           -. Vuz    =         10.99 kN. 
           -. Muy    =        -18.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         12.70 kN. 
           -. Muz    =        -20.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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------------------------------------------------------------------------------------------ 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1772.09 kN. 
           -. phiVcz    = phi * Vcz =     1594.88 kN. 
 
           -. Vuy       =       12.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1745.50 kN. 
           -. phiVcy    = phi * Vcy =     1570.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2339.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5376.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2339.01 kN. 
           -. phiVsz   = phi*Vsz =     2105.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2330.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5402.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2330.84 kN. 
           -. phiVsy   = phi*Vsy =     2097.75 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.792 kN. 
           -. Vr       =    3668.699 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111142,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2614.32        -4.05        -2.46        -3.41        -2.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2614.32        -4.05        -2.46        -3.41        -2.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.46 kN-m. 
           -. End Moments (My2) =        4.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.46 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.46 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.13 kN-m. 
           -. End Moments (Mz2) =        3.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -2.13 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -2.13 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        23.011 kN-m. 
           -. Mrz        =        19.836 kN-m. 
           -. Mr         =        30.381 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.107  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2187.97 kN. 
           -. Vuz    =          9.98 kN. 
           -. Muy    =         -7.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         11.00 kN. 
           -. Muz    =         -8.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1772.64 kN. 
           -. phiVcz    = phi * Vcz =     1595.37 kN. 
 
           -. Vuy       =       11.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1746.07 kN. 
           -. phiVcy    = phi * Vcy =     1571.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2339.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5375.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2339.18 kN. 
           -. phiVsz   = phi*Vsz =     2105.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2331.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5402.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2331.02 kN. 
           -. phiVsy   = phi*Vsy =     2097.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      14.851 kN. 
           -. Vr       =    3669.378 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111143,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2630.98        -2.46        -1.19        -2.13        -1.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2630.98        -2.46        -1.19        -2.13        -1.04 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.19 kN-m. 
           -. End Moments (My2) =        2.46 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.04 kN-m. 
           -. End Moments (Mz2) =        2.13 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        10.995 kN-m. 
           -. Mrz        =         9.675 kN-m. 
           -. Mr         =        14.645 kN-m. 
           -. Pu/Pr      =   0.108  --->  O.K ! 
           -. Muy/Mry    =   0.108  --->  O.K ! 
           -. Muz/Mrz    =   0.108  --->  O.K ! 
           -. Mu/Mr      =   0.108  --->  O.K ! 
           -. Ratio      =   0.108  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2321.82 kN. 
           -. Vuz    =         10.85 kN. 
           -. Muy    =         -5.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          4.84 kN. 
           -. Muz    =         -2.19 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.24 kN. 
           -. phiVcz    = phi * Vcz =     1579.72 kN. 
 
           -. Vuy       =        4.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1727.80 kN. 
           -. phiVcy    = phi * Vcy =     1555.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2333.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5393.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2333.86 kN. 
           -. phiVsz   = phi*Vsz =     2100.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.28 kN. 
           -. phiVsy   = phi*Vsy =     2092.75 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      11.882 kN. 
           -. Vr       =    3647.775 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       13.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       13.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111144,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2647.63        -1.19        -0.33        -1.04        -0.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2647.63        -1.19        -0.33        -1.04        -0.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.33 kN-m. 
           -. End Moments (My2) =        1.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.29 kN-m. 
           -. End Moments (Mz2) =        1.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.998 kN-m. 
           -. Mrz        =         2.695 kN-m. 
           -. Mr         =         4.031 kN-m. 
           -. Pu/Pr      =   0.108  --->  O.K ! 
           -. Muy/Mry    =   0.109  --->  O.K ! 
           -. Muz/Mrz    =   0.108  --->  O.K ! 
           -. Mu/Mr      =   0.109  --->  O.K ! 
           -. Ratio      =   0.109  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2338.48 kN. 
           -. Vuz    =          7.30 kN. 
           -. Muy    =         -1.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.88 
 
           -. Vuy    =          3.20 kN. 
           -. Muz    =         -0.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.10 kN. 
           -. phiVcz    = phi * Vcz =     1579.59 kN. 
 
           -. Vuy       =        3.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1727.65 kN. 
           -. phiVcy    = phi * Vcy =     1554.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2333.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5393.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2333.81 kN. 
           -. phiVsz   = phi*Vsz =     2100.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.24 kN. 
           -. phiVsy   = phi*Vsy =     2092.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       7.968 kN. 
           -. Vr       =    3647.599 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111145,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2664.29        -0.33         0.00        -0.29         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2664.29        -0.33         0.00        -0.29         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.109  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.109  --->  O.K ! 
           -. Ratio      =   0.109  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2355.14 kN. 
           -. Vuz    =          2.76 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.83 
 
           -. Vuy    =          1.19 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        2.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1728.12 kN. 
           -. phiVcz    = phi * Vcz =     1555.31 kN. 
 
           -. Vuy       =        1.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.12 kN. 
           -. phiVcy    = phi * Vcy =     1555.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2325.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5420.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2325.39 kN. 
           -. phiVsz   = phi*Vsz =     2092.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.39 kN. 
           -. phiVsy   = phi*Vsy =     2092.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       3.007 kN. 
           -. Vr       =    3648.159 kN. 
           -. Ratio    = Vu / Vr =8.242e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        3.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        3.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111202,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            638.78       334.08       287.45      1370.98      1532.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      638.78       334.08       287.45      1370.98      1532.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      287.45 kN-m. 
           -. End Moments (My2) =      334.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      287.45 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      287.45 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1370.98 kN-m. 
           -. End Moments (Mz2) =     1532.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1532.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1532.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2123.670 kN. 
           -. Mry        =       948.245 kN-m. 
           -. Mrz        =      5055.090 kN-m. 
           -. Mr         =      5143.258 kN-m. 
           -. Pu/Pr      =   0.301  --->  O.K ! 
           -. Muy/Mry    =   0.303  --->  O.K ! 
           -. Muz/Mrz    =   0.303  --->  O.K ! 
           -. Mu/Mr      =   0.303  --->  O.K ! 
           -. Ratio      =   0.303  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1639.49 kN. 
           -. Vuz    =        976.09 kN. 
           -. Muy    =       -575.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
 
           -. Vuy    =        211.49 kN. 
           -. Muz    =       -793.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.93 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      976.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1366.53 kN. 
           -. phiVcz    = phi * Vcz =     1229.88 kN. 
 
           -. Vuy       =      211.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1325.68 kN. 
           -. phiVcy    = phi * Vcy =     1193.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2187.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5781.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2187.09 kN. 
           -. phiVsz   = phi*Vsz =     1968.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2167.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5822.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2167.74 kN. 
           -. phiVsy   = phi*Vsy =     1950.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     998.736 kN. 
           -. Vr       =    3144.079 kN. 
           -. Ratio    = Vu / Vr = 0.318  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1109.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1109.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111203,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            650.76       287.45       351.33      1532.24      1656.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      650.76       287.45       351.33      1532.24      1656.85 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      287.45 kN-m. 
           -. End Moments (My2) =      351.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 191 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      351.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      351.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1532.24 kN-m. 
           -. End Moments (Mz2) =     1656.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1656.85 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1656.85 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1968.861 kN. 
           -. Mry        =      1061.496 kN-m. 
           -. Mrz        =      5020.223 kN-m. 
           -. Mr         =      5131.219 kN-m. 
           -. Pu/Pr      =   0.331  --->  O.K ! 
           -. Muy/Mry    =   0.331  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.331  --->  O.K ! 
           -. Ratio      =   0.331  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1656.18 kN. 
           -. Vuz    =        849.54 kN. 
           -. Muy    =       -884.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        172.60 kN. 
           -. Muz    =       -883.28 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      849.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1334.97 kN. 
           -. phiVcz    = phi * Vcz =     1201.47 kN. 
 
           -. Vuy       =      172.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1293.53 kN. 
           -. phiVcy    = phi * Vcy =     1164.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2172.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5813.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2172.23 kN. 
           -. phiVsz   = phi*Vsz =     1955.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2151.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5854.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2151.85 kN. 
           -. phiVsy   = phi*Vsy =     1936.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     866.894 kN. 
           -. Vr       =    3100.843 kN. 
           -. Ratio    = Vu / Vr = 0.280  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      963.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      963.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111204,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            662.73       351.33       517.29      1656.85      1745.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      662.73       351.33       517.29      1656.85      1745.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      351.33 kN-m. 
           -. End Moments (My2) =      517.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      517.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      517.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1656.85 kN-m. 
           -. End Moments (Mz2) =     1745.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1745.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1745.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1858.560 kN. 
           -. Mry        =      1450.251 kN-m. 
           -. Mrz        =      4909.503 kN-m. 
           -. Mr         =      5119.223 kN-m. 
           -. Pu/Pr      =   0.357  --->  O.K ! 
           -. Muy/Mry    =   0.357  --->  O.K ! 
           -. Muz/Mrz    =   0.356  --->  O.K ! 
           -. Mu/Mr      =   0.357  --->  O.K ! 
           -. Ratio      =   0.357  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1672.86 kN. 
           -. Vuz    =        723.96 kN. 
           -. Muy    =      -1180.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        136.87 kN. 
           -. Muz    =       -954.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.80 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      723.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1304.79 kN. 
           -. phiVcz    = phi * Vcz =     1174.31 kN. 
 
           -. Vuy       =      136.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1262.87 kN. 
           -. phiVcy    = phi * Vcy =     1136.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2157.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5843.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2157.48 kN. 
           -. phiVsz   = phi*Vsz =     1941.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2136.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5885.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2136.10 kN. 
           -. phiVsy   = phi*Vsy =     1922.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     736.790 kN. 
           -. Vr       =    3059.068 kN. 
           -. Ratio    = Vu / Vr = 0.241  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      818.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      818.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111205,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            674.71       517.29       695.30      1745.50      1800.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      674.71       517.29       695.30      1745.50      1800.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      517.29 kN-m. 
           -. End Moments (My2) =      695.30 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      695.30 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      695.30 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1745.50 kN-m. 
           -. End Moments (Mz2) =     1800.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1800.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1800.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1803.923 kN. 
           -. Mry        =      1853.386 kN-m. 
           -. Mrz        =      4772.177 kN-m. 
           -. Mr         =      5119.445 kN-m. 
           -. Pu/Pr      =   0.374  --->  O.K ! 
           -. Muy/Mry    =   0.375  --->  O.K ! 
           -. Muz/Mrz    =   0.377  --->  O.K ! 
           -. Mu/Mr      =   0.377  --->  O.K ! 
           -. Ratio      =   0.377  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1689.54 kN. 
           -. Vuz    =        600.71 kN. 
           -. Muy    =      -1435.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        105.18 kN. 
           -. Muz    =      -1007.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      600.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1281.19 kN. 
           -. phiVcz    = phi * Vcz =     1153.07 kN. 
 
           -. Vuy       =      105.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1238.94 kN. 
           -. phiVcy    = phi * Vcy =     1115.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5867.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.58 kN. 
           -. phiVsz   = phi*Vsz =     1931.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.39 kN. 
           -. phiVsy   = phi*Vsy =     1911.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     609.845 kN. 
           -. Vr       =    3026.095 kN. 
           -. Ratio    = Vu / Vr = 0.202  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      677.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      677.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            686.68       695.30       849.92      1800.70      1823.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      686.68       695.30       849.92      1800.70      1823.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      695.30 kN-m. 
           -. End Moments (My2) =      849.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      849.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      849.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1800.70 kN-m. 
           -. End Moments (Mz2) =     1823.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1823.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1823.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1743.407 kN. 
           -. Mry        =      2161.038 kN-m. 
           -. Mrz        =      4635.035 kN-m. 
           -. Mr         =      5114.062 kN-m. 
           -. Pu/Pr      =   0.394  --->  O.K ! 
           -. Muy/Mry    =   0.393  --->  O.K ! 
           -. Muz/Mrz    =   0.393  --->  O.K ! 
           -. Mu/Mr      =   0.394  --->  O.K ! 
           -. Ratio      =   0.394  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1706.22 kN. 
           -. Vuz    =        481.08 kN. 
           -. Muy    =      -1638.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =         78.39 kN. 
           -. Muz    =      -1041.96 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      481.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1265.77 kN. 
           -. phiVcz    = phi * Vcz =     1139.19 kN. 
 
           -. Vuy       =       78.39 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1223.33 kN. 
           -. phiVcy    = phi * Vcy =     1100.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2137.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5882.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2137.61 kN. 
           -. phiVsz   = phi*Vsz =     1923.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2114.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5925.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2114.89 kN. 
           -. phiVsy   = phi*Vsy =     1903.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     487.427 kN. 
           -. Vr       =    3004.390 kN. 
           -. Ratio    = Vu / Vr = 0.162  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      541.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      541.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111207,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            677.76      1596.49      1770.04      1118.34      1078.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      677.76      1596.49      1770.04      1118.34      1078.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1596.49 kN-m. 
           -. End Moments (My2) =     1770.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1770.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1770.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1078.82 kN-m. 
           -. End Moments (Mz2) =     1118.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1078.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1078.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1658.899 kN. 
           -. Mry        =      4357.041 kN-m. 
           -. Mrz        =      2667.255 kN-m. 
           -. Mr         =      5108.626 kN-m. 
           -. Pu/Pr      =   0.409  --->  O.K ! 
           -. Muy/Mry    =   0.406  --->  O.K ! 
           -. Muz/Mrz    =   0.404  --->  O.K ! 
           -. Mu/Mr      =   0.409  --->  O.K ! 
           -. Ratio      =   0.409  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1722.89 kN. 
           -. Vuz    =        366.42 kN. 
           -. Muy    =      -1791.69 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =         57.15 kN. 
           -. Muz    =      -1057.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      366.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1258.19 kN. 
           -. phiVcz    = phi * Vcz =     1132.37 kN. 
 
           -. Vuy       =       57.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1215.66 kN. 
           -. phiVcy    = phi * Vcy =     1094.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2133.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5890.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2133.64 kN. 
           -. phiVsz   = phi*Vsz =     1920.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2110.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5932.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2110.65 kN. 
           -. phiVsy   = phi*Vsy =     1899.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     370.846 kN. 
           -. Vr       =    2993.680 kN. 
           -. Ratio    = Vu / Vr = 0.124  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      412.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      412.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111208,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            689.73      1770.04      1890.92      1078.82      1033.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      689.73      1770.04      1890.92      1078.82      1033.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1770.04 kN-m. 
           -. End Moments (My2) =     1890.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1890.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1890.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1033.66 kN-m. 
           -. End Moments (Mz2) =     1078.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1033.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1033.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1638.830 kN. 
           -. Mry        =      4476.975 kN-m. 
           -. Mrz        =      2446.686 kN-m. 
           -. Mr         =      5101.919 kN-m. 
           -. Pu/Pr      =   0.421  --->  O.K ! 
           -. Muy/Mry    =   0.422  --->  O.K ! 
           -. Muz/Mrz    =   0.422  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1739.57 kN. 
           -. Vuz    =        257.96 kN. 
           -. Muy    =      -1894.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =         43.03 kN. 
           -. Muz    =      -1059.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      257.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1257.69 kN. 
           -. phiVcz    = phi * Vcz =     1131.92 kN. 
 
           -. Vuy       =       43.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1215.16 kN. 
           -. phiVcy    = phi * Vcy =     1093.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2133.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5890.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2133.38 kN. 
           -. phiVsz   = phi*Vsz =     1920.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2110.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5933.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2110.37 kN. 
           -. phiVsy   = phi*Vsy =     1899.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     261.524 kN. 
           -. Vr       =    2992.978 kN. 
           -. Ratio    = Vu / Vr = 0.087  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      290.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      290.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111209,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            701.70      1890.92      1966.19      1033.66       982.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      701.70      1890.92      1966.19      1033.66       982.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1890.92 kN-m. 
           -. End Moments (My2) =     1966.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1966.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1966.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      982.72 kN-m. 
           -. End Moments (Mz2) =     1033.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      982.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      982.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1635.325 kN. 
           -. Mry        =      4571.589 kN-m. 
           -. Mrz        =      2274.846 kN-m. 
           -. Mr         =      5106.305 kN-m. 
           -. Pu/Pr      =   0.429  --->  O.K ! 
           -. Muy/Mry    =   0.430  --->  O.K ! 
           -. Muz/Mrz    =   0.432  --->  O.K ! 
           -. Mu/Mr      =   0.432  --->  O.K ! 
           -. Ratio      =   0.432  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        701.70 kN. 
           -. Vuz    =        126.17 kN. 
           -. Muy    =       1966.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        140.04 kN. 
           -. Muz    =        982.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      126.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1303.25 kN. 
           -. phiVcz    = phi * Vcz =     1172.92 kN. 
 
           -. Vuy       =      140.04 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1303.25 kN. 
           -. phiVcy    = phi * Vcy =     1172.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5845.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.72 kN. 
           -. phiVsz   = phi*Vsz =     1941.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2156.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5845.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2156.72 kN. 
           -. phiVsy   = phi*Vsy =     1941.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     188.497 kN. 
           -. Vr       =    3113.968 kN. 
           -. Ratio    = Vu / Vr = 0.061  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      209.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      209.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0061 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0061 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0061 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111210,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            701.67      1966.19      1995.78       982.72       923.31 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      701.67      1966.19      1995.78       982.72       923.31 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1966.19 kN-m. 
           -. End Moments (My2) =     1995.78 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1966.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1966.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      923.31 kN-m. 
           -. End Moments (Mz2) =      982.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      982.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      982.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1635.325 kN. 
           -. Mry        =      4571.589 kN-m. 
           -. Mrz        =      2274.846 kN-m. 
           -. Mr         =      5106.305 kN-m. 
           -. Pu/Pr      =   0.429  --->  O.K ! 
           -. Muy/Mry    =   0.430  --->  O.K ! 
           -. Muz/Mrz    =   0.432  --->  O.K ! 
           -. Mu/Mr      =   0.432  --->  O.K ! 
           -. Ratio      =   0.432  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        722.59 kN. 
           -. Vuz    =         58.03 kN. 
           -. Muy    =       1133.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.94 
 
           -. Vuy    =        167.60 kN. 
           -. Muz    =       1732.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.94 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       58.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1328.76 kN. 
           -. phiVcz    = phi * Vcz =     1195.89 kN. 
 
           -. Vuy       =      167.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1328.76 kN. 
           -. phiVcy    = phi * Vcy =     1195.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2169.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5819.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2169.24 kN. 
           -. phiVsz   = phi*Vsz =     1952.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2169.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5819.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2169.24 kN. 
           -. phiVsy   = phi*Vsy =     1952.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     177.358 kN. 
           -. Vr       =    3148.200 kN. 
           -. Ratio    = Vu / Vr = 0.056  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      197.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      197.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0057 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0057 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0057 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111211,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            713.65      1995.78      1983.82       923.31       862.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      713.65      1995.78      1983.82       923.31       862.15 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1983.82 kN-m. 
           -. End Moments (My2) =     1995.78 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1995.78 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1995.78 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      862.15 kN-m. 
           -. End Moments (Mz2) =      923.31 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      923.31 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      923.31 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 224 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1670.920 kN. 
           -. Mry        =      4636.751 kN-m. 
           -. Mrz        =      2140.810 kN-m. 
           -. Mr         =      5107.106 kN-m. 
           -. Pu/Pr      =   0.427  --->  O.K ! 
           -. Muy/Mry    =   0.430  --->  O.K ! 
           -. Muz/Mrz    =   0.431  --->  O.K ! 
           -. Mu/Mr      =   0.431  --->  O.K ! 
           -. Ratio      =   0.431  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        734.57 kN. 
           -. Vuz    =         37.81 kN. 
           -. Muy    =       1169.88 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        201.52 kN. 
           -. Muz    =       1658.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       37.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1331.22 kN. 
           -. phiVcz    = phi * Vcz =     1198.10 kN. 
 
           -. Vuy       =      201.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1331.22 kN. 
           -. phiVcy    = phi * Vcy =     1198.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5817.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.42 kN. 
           -. phiVsz   = phi*Vsz =     1953.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5817.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.42 kN. 
           -. phiVsy   = phi*Vsy =     1953.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.041 kN. 
           -. Vr       =    3151.479 kN. 
           -. Ratio    = Vu / Vr = 0.065  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      227.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      227.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111212,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            725.62      1983.82      1935.08       862.15       794.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      725.62      1983.82      1935.08       862.15       794.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1935.08 kN-m. 
           -. End Moments (My2) =     1983.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1983.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1983.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      794.72 kN-m. 
           -. End Moments (Mz2) =      862.15 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      862.15 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      862.15 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1717.085 kN. 
           -. Mry        =      4690.027 kN-m. 
           -. Mrz        =      2033.652 kN-m. 
           -. Mr         =      5111.956 kN-m. 
           -. Pu/Pr      =   0.423  --->  O.K ! 
           -. Muy/Mry    =   0.423  --->  O.K ! 
           -. Muz/Mrz    =   0.424  --->  O.K ! 
           -. Mu/Mr      =   0.424  --->  O.K ! 
           -. Ratio      =   0.424  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        746.55 kN. 
           -. Vuz    =         49.68 kN. 
           -. Muy    =       1179.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =        229.05 kN. 
           -. Muz    =       1569.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       49.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1338.46 kN. 
           -. phiVcz    = phi * Vcz =     1204.61 kN. 
 
           -. Vuy       =      229.05 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1338.46 kN. 
           -. phiVcy    = phi * Vcy =     1204.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2173.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5810.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2173.90 kN. 
           -. phiVsz   = phi*Vsz =     1956.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2173.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5810.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2173.90 kN. 
           -. phiVsy   = phi*Vsy =     1956.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     234.377 kN. 
           -. Vr       =    3161.120 kN. 
           -. Ratio    = Vu / Vr = 0.074  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      260.42 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      260.42 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0054 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0054 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0054 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111213,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            737.59      1935.08      1854.41       794.72       722.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      737.59      1935.08      1854.41       794.72       722.55 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1854.41 kN-m. 
           -. End Moments (My2) =     1935.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1935.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1935.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      722.55 kN-m. 
           -. End Moments (Mz2) =      794.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      794.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      794.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1810.714 kN. 
           -. Mry        =      4736.270 kN-m. 
           -. Mrz        =      1943.070 kN-m. 
           -. Mr         =      5119.353 kN-m. 
           -. Pu/Pr      =   0.407  --->  O.K ! 
           -. Muy/Mry    =   0.409  --->  O.K ! 
           -. Muz/Mrz    =   0.409  --->  O.K ! 
           -. Mu/Mr      =   0.409  --->  O.K ! 
           -. Ratio      =   0.409  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        758.53 kN. 
           -. Vuz    =         81.63 kN. 
           -. Muy    =       1164.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =        249.99 kN. 
           -. Muz    =       1465.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.99 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       81.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1351.36 kN. 
           -. phiVcz    = phi * Vcz =     1216.22 kN. 
 
           -. Vuy       =      249.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1351.36 kN. 
           -. phiVcy    = phi * Vcy =     1216.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2180.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2180.02 kN. 
           -. phiVsz   = phi*Vsz =     1962.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2180.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5797.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2180.02 kN. 
           -. phiVsy   = phi*Vsy =     1962.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     262.982 kN. 
           -. Vr       =    3178.239 kN. 
           -. Ratio    = Vu / Vr = 0.083  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      292.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      292.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111214,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            749.56      1854.41      1747.12       722.55       647.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      749.56      1854.41      1747.12       722.55       647.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1747.12 kN-m. 
           -. End Moments (My2) =     1854.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1854.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1854.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      647.34 kN-m. 
           -. End Moments (Mz2) =      722.55 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      722.55 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      722.55 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1945.574 kN. 
           -. Mry        =      4779.547 kN-m. 
           -. Mrz        =      1863.335 kN-m. 
           -. Mr         =      5129.921 kN-m. 
           -. Pu/Pr      =   0.385  --->  O.K ! 
           -. Muy/Mry    =   0.388  --->  O.K ! 
           -. Muz/Mrz    =   0.388  --->  O.K ! 
           -. Mu/Mr      =   0.388  --->  O.K ! 
           -. Ratio      =   0.388  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1802.03 kN. 
           -. Vuz    =        121.69 kN. 
           -. Muy    =      -1079.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        249.74 kN. 
           -. Muz    =      -1502.93 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.80 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      121.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1306.38 kN. 
           -. phiVcz    = phi * Vcz =     1175.74 kN. 
 
           -. Vuy       =      249.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1264.48 kN. 
           -. phiVcy    = phi * Vcy =     1138.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2158.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5842.11 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2158.27 kN. 
           -. phiVsz   = phi*Vsz =     1942.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2136.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5884.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2136.94 kN. 
           -. phiVsy   = phi*Vsy =     1923.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     277.811 kN. 
           -. Vr       =    3061.280 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      308.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      308.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111215,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            761.54      1747.12      1618.59       647.34       570.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      761.54      1747.12      1618.59       647.34       570.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1618.59 kN-m. 
           -. End Moments (My2) =     1747.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1747.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1747.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      570.87 kN-m. 
           -. End Moments (Mz2) =      647.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      647.34 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      647.34 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2088.888 kN. 
           -. Mry        =      4818.462 kN-m. 
           -. Mrz        =      1784.903 kN-m. 
           -. Mr         =      5138.430 kN-m. 
           -. Pu/Pr      =   0.365  --->  O.K ! 
           -. Muy/Mry    =   0.363  --->  O.K ! 
           -. Muz/Mrz    =   0.363  --->  O.K ! 
           -. Mu/Mr      =   0.365  --->  O.K ! 
           -. Ratio      =   0.365  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1839.65 kN. 
           -. Vuz    =        262.91 kN. 
           -. Muy    =      -1694.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        158.15 kN. 
           -. Muz    =       -810.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.42 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      262.91 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1293.95 kN. 
           -. phiVcz    = phi * Vcz =     1164.56 kN. 
 
           -. Vuy       =      158.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1251.88 kN. 
           -. phiVcy    = phi * Vcy =     1126.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2152.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5854.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2152.06 kN. 
           -. phiVsz   = phi*Vsz =     1936.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2130.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5896.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2130.31 kN. 
           -. phiVsy   = phi*Vsy =     1917.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     306.812 kN. 
           -. Vr       =    3043.966 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      340.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      340.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111216,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            773.51      1618.59      1474.14       570.87       494.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      773.51      1618.59      1474.14       570.87       494.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1474.14 kN-m. 
           -. End Moments (My2) =     1618.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1618.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1618.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      494.69 kN-m. 
           -. End Moments (Mz2) =      570.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      570.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      570.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2324.955 kN. 
           -. Mry        =      4859.822 kN-m. 
           -. Mrz        =      1706.788 kN-m. 
           -. Mr         =      5150.825 kN-m. 
           -. Pu/Pr      =   0.333  --->  O.K ! 
           -. Muy/Mry    =   0.333  --->  O.K ! 
           -. Muz/Mrz    =   0.334  --->  O.K ! 
           -. Mu/Mr      =   0.334  --->  O.K ! 
           -. Ratio      =   0.334  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1856.32 kN. 
           -. Vuz    =        290.30 kN. 
           -. Muy    =      -1564.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
 
           -. Vuy    =        163.23 kN. 
           -. Muz    =       -736.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      290.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1315.58 kN. 
           -. phiVcz    = phi * Vcz =     1184.02 kN. 
 
           -. Vuy       =      163.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1273.82 kN. 
           -. phiVcy    = phi * Vcy =     1146.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2162.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5832.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2162.82 kN. 
           -. phiVsz   = phi*Vsz =     1946.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2141.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5874.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2141.79 kN. 
           -. phiVsy   = phi*Vsy =     1927.61 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     333.042 kN. 
           -. Vr       =    3074.057 kN. 
           -. Ratio    = Vu / Vr = 0.108  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      370.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      370.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111217,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            785.49      1474.14      1318.95       494.69       420.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      785.49      1474.14      1318.95       494.69       420.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1318.95 kN-m. 
           -. End Moments (My2) =     1474.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1474.14 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1474.14 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      420.19 kN-m. 
           -. End Moments (Mz2) =      494.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      494.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      494.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2609.259 kN. 
           -. Mry        =      4901.663 kN-m. 
           -. Mrz        =      1631.814 kN-m. 
           -. Mr         =      5166.151 kN-m. 
           -. Pu/Pr      =   0.301  --->  O.K ! 
           -. Muy/Mry    =   0.301  --->  O.K ! 
           -. Muz/Mrz    =   0.303  --->  O.K ! 
           -. Mu/Mr      =   0.303  --->  O.K ! 
           -. Ratio      =   0.303  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1872.99 kN. 
           -. Vuz    =        308.69 kN. 
           -. Muy    =      -1419.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =        165.44 kN. 
           -. Muz    =       -658.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      308.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.21 kN. 
           -. phiVcz    = phi * Vcz =     1207.99 kN. 
 
           -. Vuy       =      165.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1300.90 kN. 
           -. phiVcy    = phi * Vcy =     1170.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5806.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.68 kN. 
           -. phiVsz   = phi*Vsz =     1958.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.54 kN. 
           -. phiVsy   = phi*Vsy =     1939.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     350.229 kN. 
           -. Vr       =    3110.798 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      389.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      389.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111218,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1889.66     -1265.05     -1105.87      -578.30      -498.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1889.66     -1265.05     -1105.87      -578.30      -498.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1105.87 kN-m. 
           -. End Moments (My2) =     1265.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1265.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1265.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      498.41 kN-m. 
           -. End Moments (Mz2) =      578.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -578.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -578.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6983.187 kN. 
           -. Mry        =      4678.942 kN-m. 
           -. Mrz        =      2143.860 kN-m. 
           -. Mr         =      5146.711 kN-m. 
           -. Pu/Pr      =   0.271  --->  O.K ! 
           -. Muy/Mry    =   0.270  --->  O.K ! 
           -. Muz/Mrz    =   0.270  --->  O.K ! 
           -. Mu/Mr      =   0.271  --->  O.K ! 
           -. Ratio      =   0.271  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1889.66 kN. 
           -. Vuz    =        318.58 kN. 
           -. Muy    =      -1265.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        164.21 kN. 
           -. Muz    =       -578.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      318.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1373.34 kN. 
           -. phiVcz    = phi * Vcz =     1236.00 kN. 
 
           -. Vuy       =      164.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1332.61 kN. 
           -. phiVcy    = phi * Vcy =     1199.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2190.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5775.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2190.23 kN. 
           -. phiVsz   = phi*Vsz =     1971.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2171.09 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5815.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2171.09 kN. 
           -. phiVsy   = phi*Vsy =     1953.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     358.414 kN. 
           -. Vr       =    3153.336 kN. 
           -. Ratio    = Vu / Vr = 0.114  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      398.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      398.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111219,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1906.34     -1105.87      -946.24      -498.41      -420.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1906.34     -1105.87      -946.24      -498.41      -420.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      946.24 kN-m. 
           -. End Moments (My2) =     1105.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1105.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1105.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      420.86 kN-m. 
           -. End Moments (Mz2) =      498.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -498.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -498.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8001.490 kN. 
           -. Mry        =      4605.577 kN-m. 
           -. Mrz        =      2079.680 kN-m. 
           -. Mr         =      5053.356 kN-m. 
           -. Pu/Pr      =   0.238  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.240  --->  O.K ! 
           -. Mu/Mr      =   0.240  --->  O.K ! 
           -. Ratio      =   0.240  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1906.34 kN. 
           -. Vuz    =        319.40 kN. 
           -. Muy    =      -1105.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.12 
 
           -. Vuy    =        159.17 kN. 
           -. Muz    =       -498.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.03 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      319.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1408.66 kN. 
           -. phiVcz    = phi * Vcz =     1267.79 kN. 
 
           -. Vuy       =      159.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1368.69 kN. 
           -. phiVcy    = phi * Vcy =     1231.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2206.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5739.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2206.11 kN. 
           -. phiVsz   = phi*Vsz =     1985.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2188.09 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5779.80 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2188.09 kN. 
           -. phiVsy   = phi*Vsy =     1969.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     356.862 kN. 
           -. Vr       =    3201.103 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      396.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      396.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111220,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1923.01      -946.24      -791.35      -420.86      -347.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1923.01      -946.24      -791.35      -420.86      -347.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      791.35 kN-m. 
           -. End Moments (My2) =      946.24 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -946.24 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -946.24 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      347.66 kN-m. 
           -. End Moments (Mz2) =      420.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -420.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -420.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9036.720 kN. 
           -. Mry        =      4493.339 kN-m. 
           -. Mrz        =      1989.397 kN-m. 
           -. Mr         =      4914.041 kN-m. 
           -. Pu/Pr      =   0.213  --->  O.K ! 
           -. Muy/Mry    =   0.211  --->  O.K ! 
           -. Muz/Mrz    =   0.212  --->  O.K ! 
           -. Mu/Mr      =   0.213  --->  O.K ! 
           -. Ratio      =   0.213  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1923.01 kN. 
           -. Vuz    =        309.90 kN. 
           -. Muy    =       -946.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.20 
 
           -. Vuy    =        150.33 kN. 
           -. Muz    =       -420.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.12 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      309.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1447.80 kN. 
           -. phiVcz    = phi * Vcz =     1303.02 kN. 
 
           -. Vuy       =      150.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1408.78 kN. 
           -. phiVcy    = phi * Vcy =     1267.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2222.98 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5700.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2222.98 kN. 
           -. phiVsz   = phi*Vsz =     2000.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2206.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5739.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2206.16 kN. 
           -. phiVsy   = phi*Vsy =     1985.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     344.435 kN. 
           -. Vr       =    3253.451 kN. 
           -. Ratio    = Vu / Vr = 0.106  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      382.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      382.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111221,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1939.68      -791.35      -645.33      -347.66      -280.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1939.68      -791.35      -645.33      -347.66      -280.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      645.33 kN-m. 
           -. End Moments (My2) =      791.35 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -791.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -791.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      280.39 kN-m. 
           -. End Moments (Mz2) =      347.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -347.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -347.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10783.337 kN. 
           -. Mry        =      4355.307 kN-m. 
           -. Mrz        =      1917.262 kN-m. 
           -. Mr         =      4758.633 kN-m. 
           -. Pu/Pr      =   0.180  --->  O.K ! 
           -. Muy/Mry    =   0.182  --->  O.K ! 
           -. Muz/Mrz    =   0.181  --->  O.K ! 
           -. Mu/Mr      =   0.182  --->  O.K ! 
           -. Ratio      =   0.182  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1939.68 kN. 
           -. Vuz    =        292.14 kN. 
           -. Muy    =       -791.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.30 
 
           -. Vuy    =        138.58 kN. 
           -. Muz    =       -347.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.21 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      292.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1489.51 kN. 
           -. phiVcz    = phi * Vcz =     1340.56 kN. 
 
           -. Vuy       =      138.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1451.63 kN. 
           -. phiVcy    = phi * Vcy =     1306.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2240.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5658.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2240.18 kN. 
           -. phiVsz   = phi*Vsz =     2016.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2224.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5696.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2224.59 kN. 
           -. phiVsy   = phi*Vsy =     2002.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     323.339 kN. 
           -. Vr       =    3308.598 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      359.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      359.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111222,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1956.35      -645.33      -511.31      -280.39      -220.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1956.35      -645.33      -511.31      -280.39      -220.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      511.31 kN-m. 
           -. End Moments (My2) =      645.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -645.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -645.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      220.23 kN-m. 
           -. End Moments (Mz2) =      280.39 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -280.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -280.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12778.834 kN. 
           -. Mry        =      4182.836 kN-m. 
           -. Mrz        =      1821.751 kN-m. 
           -. Mr         =      4562.334 kN-m. 
           -. Pu/Pr      =   0.153  --->  O.K ! 
           -. Muy/Mry    =   0.154  --->  O.K ! 
           -. Muz/Mrz    =   0.154  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1956.35 kN. 
           -. Vuz    =        268.12 kN. 
           -. Muy    =       -645.33 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.39 
 
           -. Vuy    =        124.80 kN. 
           -. Muz    =       -280.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.31 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      268.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1532.46 kN. 
           -. phiVcz    = phi * Vcz =     1379.21 kN. 
 
           -. Vuy       =      124.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1495.89 kN. 
           -. phiVcy    = phi * Vcy =     1346.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2257.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5616.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2257.10 kN. 
           -. phiVsz   = phi*Vsz =     2031.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2242.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5652.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2242.74 kN. 
           -. phiVsy   = phi*Vsy =     2018.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     295.745 kN. 
           -. Vr       =    3364.773 kN. 
           -. Ratio    = Vu / Vr = 0.088  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      328.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      328.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111223,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1973.02      -511.31      -391.50      -220.23      -168.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1973.02      -511.31      -391.50      -220.23      -168.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      391.50 kN-m. 
           -. End Moments (My2) =      511.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -511.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -511.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      168.03 kN-m. 
           -. End Moments (Mz2) =      220.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -220.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -220.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15195.117 kN. 
           -. Mry        =      3915.213 kN-m. 
           -. Mrz        =      1687.737 kN-m. 
           -. Mr         =      4263.490 kN-m. 
           -. Pu/Pr      =   0.130  --->  O.K ! 
           -. Muy/Mry    =   0.131  --->  O.K ! 
           -. Muz/Mrz    =   0.130  --->  O.K ! 
           -. Mu/Mr      =   0.131  --->  O.K ! 
           -. Ratio      =   0.131  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1973.02 kN. 
           -. Vuz    =        239.72 kN. 
           -. Muy    =       -511.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.49 
 
           -. Vuy    =        109.71 kN. 
           -. Muz    =       -220.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      239.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1575.34 kN. 
           -. phiVcz    = phi * Vcz =     1417.81 kN. 
 
           -. Vuy       =      109.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1540.23 kN. 
           -. phiVcy    = phi * Vcy =     1386.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2273.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5573.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2273.24 kN. 
           -. phiVsz   = phi*Vsz =     2045.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2260.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5608.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2260.08 kN. 
           -. phiVsy   = phi*Vsy =     2034.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     263.638 kN. 
           -. Vr       =    3420.272 kN. 
           -. Ratio    = Vu / Vr = 0.077  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      292.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      292.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111224,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1989.69      -391.50      -287.24      -168.03      -124.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1989.69      -391.50      -287.24      -168.03      -124.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      287.24 kN-m. 
           -. End Moments (My2) =      391.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 275 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -391.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -391.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      124.34 kN-m. 
           -. End Moments (Mz2) =      168.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -168.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -168.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17891.993 kN. 
           -. Mry        =      3524.810 kN-m. 
           -. Mrz        =      1503.911 kN-m. 
           -. Mr         =      3832.236 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.111  --->  O.K ! 
           -. Muz/Mrz    =   0.112  --->  O.K ! 
           -. Mu/Mr      =   0.112  --->  O.K ! 
           -. Ratio      =   0.112  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1989.69 kN. 
           -. Vuz    =        208.60 kN. 
           -. Muy    =       -391.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.58 
 
           -. Vuy    =         94.01 kN. 
           -. Muz    =       -168.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.50 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      208.60 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1616.84 kN. 
           -. phiVcz    = phi * Vcz =     1455.16 kN. 
 
           -. Vuy       =       94.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1583.27 kN. 
           -. phiVcy    = phi * Vcy =     1424.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2288.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5531.65 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2288.20 kN. 
           -. phiVsz   = phi*Vsz =     2059.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2276.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5565.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2276.15 kN. 
           -. phiVsy   = phi*Vsy =     2048.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     228.810 kN. 
           -. Vr       =    3473.478 kN. 
           -. Ratio    = Vu / Vr = 0.066  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      254.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      254.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111225,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2416.30       -79.07       -54.30       -78.83       -62.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2416.30       -79.07       -54.30       -78.83       -62.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       54.30 kN-m. 
           -. End Moments (My2) =       79.07 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -54.30 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -54.30 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       62.25 kN-m. 
           -. End Moments (Mz2) =       78.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -62.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -62.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       548.847 kN-m. 
           -. Mrz        =       628.281 kN-m. 
           -. Mr         =       834.248 kN-m. 
           -. Pu/Pr      =   0.099  --->  O.K ! 
           -. Muy/Mry    =   0.099  --->  O.K ! 
           -. Muz/Mrz    =   0.099  --->  O.K ! 
           -. Mu/Mr      =   0.099  --->  O.K ! 
           -. Ratio      =   0.099  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2006.35 kN. 
           -. Vuz    =        176.20 kN. 
           -. Muy    =       -287.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.66 
 
           -. Vuy    =         78.28 kN. 
           -. Muz    =       -124.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.59 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      176.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1655.73 kN. 
           -. phiVcz    = phi * Vcz =     1490.16 kN. 
 
           -. Vuy       =       78.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1623.73 kN. 
           -. phiVcy    = phi * Vcy =     1461.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2301.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5492.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2301.66 kN. 
           -. phiVsz   = phi*Vsz =     2071.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2290.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5524.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2290.62 kN. 
           -. phiVsy   = phi*Vsy =     2061.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     192.804 kN. 
           -. Vr       =    3522.917 kN. 
           -. Ratio    = Vu / Vr = 0.055  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      214.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      214.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111226,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2432.95       -54.30       -34.16       -62.25       -47.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2432.95       -54.30       -34.16       -62.25       -47.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       34.16 kN-m. 
           -. End Moments (My2) =       54.30 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -34.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -34.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       47.77 kN-m. 
           -. End Moments (Mz2) =       62.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -47.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -47.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       342.878 kN-m. 
           -. Mrz        =       479.000 kN-m. 
           -. Mr         =       589.072 kN-m. 
           -. Pu/Pr      =   0.100  --->  O.K ! 
           -. Muy/Mry    =   0.100  --->  O.K ! 
           -. Muz/Mrz    =   0.100  --->  O.K ! 
           -. Mu/Mr      =   0.100  --->  O.K ! 
           -. Ratio      =   0.100  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2023.02 kN. 
           -. Vuz    =        143.70 kN. 
           -. Muy    =       -199.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.74 
 
           -. Vuy    =         62.99 kN. 
           -. Muz    =        -89.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      143.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1690.91 kN. 
           -. phiVcz    = phi * Vcz =     1521.82 kN. 
 
           -. Vuy       =       62.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1660.43 kN. 
           -. phiVcy    = phi * Vcy =     1494.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2313.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5457.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2313.40 kN. 
           -. phiVsz   = phi*Vsz =     2082.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2303.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5488.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2303.25 kN. 
           -. phiVsy   = phi*Vsy =     2072.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     156.900 kN. 
           -. Vr       =    3567.312 kN. 
           -. Ratio    = Vu / Vr = 0.044  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      174.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      174.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111227,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2449.61       -34.16       -18.52       -47.77       -36.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2449.61       -34.16       -18.52       -47.77       -36.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       18.52 kN-m. 
           -. End Moments (My2) =       34.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -18.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -18.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       36.38 kN-m. 
           -. End Moments (Mz2) =       47.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -36.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -36.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       184.774 kN-m. 
           -. Mrz        =       362.264 kN-m. 
           -. Mr         =       406.665 kN-m. 
           -. Pu/Pr      =   0.100  --->  O.K ! 
           -. Muy/Mry    =   0.100  --->  O.K ! 
           -. Muz/Mrz    =   0.100  --->  O.K ! 
           -. Mu/Mr      =   0.100  --->  O.K ! 
           -. Ratio      =   0.100  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2039.69 kN. 
           -. Vuz    =        112.06 kN. 
           -. Muy    =       -127.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.81 
 
           -. Vuy    =         48.53 kN. 
           -. Muz    =        -63.31 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1721.46 kN. 
           -. phiVcz    = phi * Vcz =     1549.31 kN. 
 
           -. Vuy       =       48.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1692.38 kN. 
           -. phiVcy    = phi * Vcy =     1523.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2323.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5427.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2323.27 kN. 
           -. phiVsz   = phi*Vsz =     2090.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2313.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5456.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2313.88 kN. 
           -. phiVsy   = phi*Vsy =     2082.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     122.115 kN. 
           -. Vr       =    3605.637 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      135.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      135.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111228,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2466.26       -18.52        -7.13       -36.38       -27.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2466.26       -18.52        -7.13       -36.38       -27.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.13 kN-m. 
           -. End Moments (My2) =       18.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.54 kN-m. 
           -. End Moments (Mz2) =       36.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -27.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -27.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        70.358 kN-m. 
           -. Mrz        =       272.604 kN-m. 
           -. Mr         =       281.537 kN-m. 
           -. Pu/Pr      =   0.101  --->  O.K ! 
           -. Muy/Mry    =   0.101  --->  O.K ! 
           -. Muz/Mrz    =   0.101  --->  O.K ! 
           -. Mu/Mr      =   0.101  --->  O.K ! 
           -. Ratio      =   0.101  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2056.35 kN. 
           -. Vuz    =         81.99 kN. 
           -. Muy    =        -71.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.87 
 
           -. Vuy    =         35.22 kN. 
           -. Muz    =        -46.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.80 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       81.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1746.47 kN. 
           -. phiVcz    = phi * Vcz =     1571.82 kN. 
 
           -. Vuy       =       35.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1718.59 kN. 
           -. phiVcy    = phi * Vcy =     1546.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2331.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5402.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2331.14 kN. 
           -. phiVsz   = phi*Vsz =     2098.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2322.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5429.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2322.36 kN. 
           -. phiVsy   = phi*Vsy =     2090.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      89.233 kN. 
           -. Vr       =    3636.855 kN. 
           -. Ratio    = Vu / Vr = 0.025  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       99.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       99.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111229,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2482.92        -7.13        -8.22       -27.54       -20.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2482.92        -7.13        -8.22       -27.54       -20.75 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.13 kN-m. 
           -. End Moments (My2) =        8.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       20.75 kN-m. 
           -. End Moments (Mz2) =       27.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -20.75 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -20.75 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 296 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        80.989 kN-m. 
           -. Mrz        =       203.904 kN-m. 
           -. Mr         =       219.399 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.102  --->  O.K ! 
           -. Mu/Mr      =   0.102  --->  O.K ! 
           -. Ratio      =   0.102  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2089.68 kN. 
           -. Vuz    =         58.08 kN. 
           -. Muy    =         -5.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =         25.05 kN. 
           -. Muz    =        -43.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       58.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1759.01 kN. 
           -. phiVcz    = phi * Vcz =     1583.11 kN. 
 
           -. Vuy       =       25.05 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1731.76 kN. 
           -. phiVcy    = phi * Vcy =     1558.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5389.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.02 kN. 
           -. phiVsz   = phi*Vsz =     2101.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2326.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5416.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2326.53 kN. 
           -. phiVsy   = phi*Vsy =     2093.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      63.257 kN. 
           -. Vr       =    3652.463 kN. 
           -. Ratio    = Vu / Vr = 0.017  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       70.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       70.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111230,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2499.58        -8.22       -10.07       -20.75       -15.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2499.58        -8.22       -10.07       -20.75       -15.08 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.22 kN-m. 
           -. End Moments (My2) =       10.07 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -10.07 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -10.07 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       15.08 kN-m. 
           -. End Moments (Mz2) =       20.75 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -15.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -15.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        98.325 kN-m. 
           -. Mrz        =       147.297 kN-m. 
           -. Mr         =       177.099 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.102  --->  O.K ! 
           -. Mu/Mr      =   0.102  --->  O.K ! 
           -. Ratio      =   0.102  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2106.34 kN. 
           -. Vuz    =         43.84 kN. 
           -. Muy    =        -20.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         19.28 kN. 
           -. Muz    =        -41.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       43.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1763.88 kN. 
           -. phiVcz    = phi * Vcz =     1587.49 kN. 
 
           -. Vuy       =       19.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1736.87 kN. 
           -. phiVcy    = phi * Vcy =     1563.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5384.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.51 kN. 
           -. phiVsz   = phi*Vsz =     2102.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2328.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5411.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2328.14 kN. 
           -. phiVsy   = phi*Vsy =     2095.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      47.895 kN. 
           -. Vr       =    3658.513 kN. 
           -. Ratio    = Vu / Vr = 0.013  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       53.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       53.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111231,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2516.23       -10.07       -12.54       -15.08       -10.65 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2516.23       -10.07       -12.54       -15.08       -10.65 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       10.07 kN-m. 
           -. End Moments (My2) =       12.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -12.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -12.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       10.65 kN-m. 
           -. End Moments (Mz2) =       15.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -10.65 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -10.65 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       121.701 kN-m. 
           -. Mrz        =       103.293 kN-m. 
           -. Mr         =       159.627 kN-m. 
           -. Pu/Pr      =   0.103  --->  O.K ! 
           -. Muy/Mry    =   0.103  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.103  --->  O.K ! 
           -. Ratio      =   0.103  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2123.01 kN. 
           -. Vuz    =         31.30 kN. 
           -. Muy    =        -35.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         14.46 kN. 
           -. Muz    =        -38.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       31.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1763.24 kN. 
           -. phiVcz    = phi * Vcz =     1586.92 kN. 
 
           -. Vuy       =       14.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1736.20 kN. 
           -. phiVcy    = phi * Vcy =     1562.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5385.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.31 kN. 
           -. phiVsz   = phi*Vsz =     2102.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5412.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.93 kN. 
           -. phiVsy   = phi*Vsy =     2095.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      34.477 kN. 
           -. Vr       =    3657.719 kN. 
           -. Ratio    = Vu / Vr = 0.009  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       38.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       38.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111232,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2532.89       -12.54       -14.12       -10.65        -7.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2532.89       -12.54       -14.12       -10.65        -7.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.54 kN-m. 
           -. End Moments (My2) =       14.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -14.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -14.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        7.84 kN-m. 
           -. End Moments (Mz2) =       10.65 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -7.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -7.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       136.100 kN-m. 
           -. Mrz        =        75.498 kN-m. 
           -. Mr         =       155.638 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.104  --->  O.K ! 
           -. Mu/Mr      =   0.104  --->  O.K ! 
           -. Ratio      =   0.104  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2139.67 kN. 
           -. Vuz    =         20.45 kN. 
           -. Muy    =        -45.84 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         10.58 kN. 
           -. Muz    =        -35.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       20.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1762.22 kN. 
           -. phiVcz    = phi * Vcz =     1586.00 kN. 
 
           -. Vuy       =       10.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1735.13 kN. 
           -. phiVcy    = phi * Vcy =     1561.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5386.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.00 kN. 
           -. phiVsz   = phi*Vsz =     2102.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5413.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.59 kN. 
           -. phiVsy   = phi*Vsy =     2094.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      23.029 kN. 
           -. Vr       =    3656.447 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       25.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       25.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111233,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2549.54       -14.12       -14.84        -7.84        -5.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2549.54       -14.12       -14.84        -7.84        -5.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       14.12 kN-m. 
           -. End Moments (My2) =       14.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -14.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -14.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        5.51 kN-m. 
           -. End Moments (Mz2) =        7.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -5.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -5.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       142.087 kN-m. 
           -. Mrz        =        52.623 kN-m. 
           -. Mr         =       151.519 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.105  --->  O.K ! 
           -. Mu/Mr      =   0.105  --->  O.K ! 
           -. Ratio      =   0.105  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2156.33 kN. 
           -. Vuz    =         11.27 kN. 
           -. Muy    =        -51.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          8.21 kN. 
           -. Muz    =        -32.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       11.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1761.41 kN. 
           -. phiVcz    = phi * Vcz =     1585.27 kN. 
 
           -. Vuy       =        8.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1734.28 kN. 
           -. phiVcy    = phi * Vcy =     1560.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5387.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.75 kN. 
           -. phiVsz   = phi*Vsz =     2102.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5414.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.33 kN. 
           -. phiVsy   = phi*Vsy =     2094.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      13.944 kN. 
           -. Vr       =    3655.445 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       15.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       15.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111234,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2566.20       -14.84       -15.10        -5.51        -3.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2566.20       -14.84       -15.10        -5.51        -3.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       14.84 kN-m. 
           -. End Moments (My2) =       15.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.95 kN-m. 
           -. End Moments (Mz2) =        5.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       143.647 kN-m. 
           -. Mrz        =        37.603 kN-m. 
           -. Mr         =       148.487 kN-m. 
           -. Pu/Pr      =   0.105  --->  O.K ! 
           -. Muy/Mry    =   0.105  --->  O.K ! 
           -. Muz/Mrz    =   0.105  --->  O.K ! 
           -. Mu/Mr      =   0.105  --->  O.K ! 
           -. Ratio      =   0.105  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2151.99 kN. 
           -. Vuz    =          4.10 kN. 
           -. Muy    =        -30.82 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          8.66 kN. 
           -. Muz    =        -50.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1764.03 kN. 
           -. phiVcz    = phi * Vcz =     1587.62 kN. 
 
           -. Vuy       =        8.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1737.02 kN. 
           -. phiVcy    = phi * Vcy =     1563.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5384.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.55 kN. 
           -. phiVsz   = phi*Vsz =     2102.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2328.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5411.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2328.19 kN. 
           -. phiVsy   = phi*Vsy =     2095.37 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.585 kN. 
           -. Vr       =    3658.691 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111235,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2582.85       -15.10       -14.89        -3.95        -3.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2582.85       -15.10       -14.89        -3.95        -3.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       14.89 kN-m. 
           -. End Moments (My2) =       15.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -14.89 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -14.89 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.00 kN-m. 
           -. End Moments (Mz2) =        3.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       140.742 kN-m. 
           -. Mrz        =        28.261 kN-m. 
           -. Mr         =       143.551 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.106  --->  O.K ! 
           -. Mu/Mr      =   0.106  --->  O.K ! 
           -. Ratio      =   0.106  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2168.65 kN. 
           -. Vuz    =          1.92 kN. 
           -. Muy    =        -31.10 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         10.50 kN. 
           -. Muz    =        -45.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1762.66 kN. 
           -. phiVcz    = phi * Vcz =     1586.39 kN. 
 
           -. Vuy       =       10.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1735.59 kN. 
           -. phiVcy    = phi * Vcy =     1562.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2336.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5385.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2336.13 kN. 
           -. phiVsz   = phi*Vsz =     2102.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5412.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.74 kN. 
           -. phiVsy   = phi*Vsy =     2094.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      10.675 kN. 
           -. Vr       =    3656.990 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       11.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       11.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111236,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2599.51       -14.89       -13.96        -3.00        -2.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2599.51       -14.89       -13.96        -3.00        -2.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.96 kN-m. 
           -. End Moments (My2) =       14.89 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.44 kN-m. 
           -. End Moments (Mz2) =        3.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -2.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -2.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       131.121 kN-m. 
           -. Mrz        =        22.779 kN-m. 
           -. Mr         =       133.085 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2185.31 kN. 
           -. Vuz    =          3.43 kN. 
           -. Muy    =        -29.61 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         11.66 kN. 
           -. Muz    =        -39.70 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1761.63 kN. 
           -. phiVcz    = phi * Vcz =     1585.47 kN. 
 
           -. Vuy       =       11.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1734.51 kN. 
           -. phiVcy    = phi * Vcy =     1561.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5386.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.82 kN. 
           -. phiVsz   = phi*Vsz =     2102.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5413.98 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.40 kN. 
           -. phiVsy   = phi*Vsy =     2094.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      12.158 kN. 
           -. Vr       =    3655.717 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       13.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       13.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111237,  LCB = 148-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2599.51       -13.96       -12.53        -2.44        -2.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2599.51       -13.96       -12.53        -2.44        -2.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.53 kN-m. 
           -. End Moments (My2) =       13.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.00 kN-m. 
           -. End Moments (Mz2) =        2.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -2.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -2.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       131.121 kN-m. 
           -. Mrz        =        22.779 kN-m. 
           -. Mr         =       133.085 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2201.97 kN. 
           -. Vuz    =          5.87 kN. 
           -. Muy    =        -26.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =         12.24 kN. 
           -. Muz    =        -33.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1760.99 kN. 
           -. phiVcz    = phi * Vcz =     1584.89 kN. 
 
           -. Vuy       =       12.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1733.83 kN. 
           -. phiVcy    = phi * Vcy =     1560.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5387.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.62 kN. 
           -. phiVsz   = phi*Vsz =     2102.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2327.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5414.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2327.19 kN. 
           -. phiVsy   = phi*Vsy =     2094.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      13.577 kN. 
           -. Vr       =    3654.917 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       15.09 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       15.09 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111238,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2632.82       -12.53       -10.75        -2.00        -1.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2632.82       -12.53       -10.75        -2.00        -1.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       10.75 kN-m. 
           -. End Moments (My2) =       12.53 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -10.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -10.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.59 kN-m. 
           -. End Moments (Mz2) =        2.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        99.600 kN-m. 
           -. Mrz        =        14.766 kN-m. 
           -. Mr         =       100.688 kN-m. 
           -. Pu/Pr      =   0.108  --->  O.K ! 
           -. Muy/Mry    =   0.108  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.108  --->  O.K ! 
           -. Ratio      =   0.108  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2222.99 kN. 
           -. Vuz    =         13.12 kN. 
           -. Muy    =        -44.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          7.13 kN. 
           -. Muz    =        -18.32 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.98 kN. 
           -. phiVcz    = phi * Vcz =     1580.38 kN. 
 
           -. Vuy       =        7.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.57 kN. 
           -. phiVcy    = phi * Vcy =     1555.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.08 kN. 
           -. phiVsz   = phi*Vsz =     2100.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5419.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.53 kN. 
           -. phiVsy   = phi*Vsy =     2092.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      14.929 kN. 
           -. Vr       =    3648.688 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111239,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2649.48       -10.75        -8.83        -1.59        -1.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2649.48       -10.75        -8.83        -1.59        -1.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.83 kN-m. 
           -. End Moments (My2) =       10.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.19 kN-m. 
           -. End Moments (Mz2) =        1.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.19 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.19 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 336 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        81.325 kN-m. 
           -. Mrz        =        10.970 kN-m. 
           -. Mr         =        82.062 kN-m. 
           -. Pu/Pr      =   0.109  --->  O.K ! 
           -. Muy/Mry    =   0.109  --->  O.K ! 
           -. Muz/Mrz    =   0.108  --->  O.K ! 
           -. Mu/Mr      =   0.109  --->  O.K ! 
           -. Ratio      =   0.109  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2239.65 kN. 
           -. Vuz    =         13.93 kN. 
           -. Muy    =        -37.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          6.90 kN. 
           -. Muz    =        -14.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.86 kN. 
           -. phiVcz    = phi * Vcz =     1580.27 kN. 
 
           -. Vuy       =        6.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.45 kN. 
           -. phiVcy    = phi * Vcy =     1555.60 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.05 kN. 
           -. phiVsz   = phi*Vsz =     2100.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.49 kN. 
           -. phiVsy   = phi*Vsy =     2092.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.548 kN. 
           -. Vr       =    3648.542 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111240,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2666.13        -8.83        -6.80        -1.19        -0.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2666.13        -8.83        -6.80        -1.19        -0.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        6.80 kN-m. 
           -. End Moments (My2) =        8.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -6.80 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -6.80 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.83 kN-m. 
           -. End Moments (Mz2) =        1.19 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.83 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.83 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        62.226 kN-m. 
           -. Mrz        =         7.626 kN-m. 
           -. Mr         =        62.692 kN-m. 
           -. Pu/Pr      =   0.109  --->  O.K ! 
           -. Muy/Mry    =   0.109  --->  O.K ! 
           -. Muz/Mrz    =   0.109  --->  O.K ! 
           -. Mu/Mr      =   0.109  --->  O.K ! 
           -. Ratio      =   0.109  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2256.31 kN. 
           -. Vuz    =         14.56 kN. 
           -. Muy    =        -30.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          6.40 kN. 
           -. Muz    =        -11.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.93 kN. 
           -. phiVcz    = phi * Vcz =     1580.34 kN. 
 
           -. Vuy       =        6.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.52 kN. 
           -. phiVcy    = phi * Vcy =     1555.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.07 kN. 
           -. phiVsz   = phi*Vsz =     2100.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5419.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.51 kN. 
           -. phiVsy   = phi*Vsy =     2092.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.901 kN. 
           -. Vr       =    3648.629 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111241,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2682.79        -6.80        -4.78        -0.83        -0.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2682.79        -6.80        -4.78        -0.83        -0.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.78 kN-m. 
           -. End Moments (My2) =        6.80 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.78 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.78 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.54 kN-m. 
           -. End Moments (Mz2) =        0.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        43.441 kN-m. 
           -. Mrz        =         4.888 kN-m. 
           -. Mr         =        43.715 kN-m. 
           -. Pu/Pr      =   0.110  --->  O.K ! 
           -. Muy/Mry    =   0.110  --->  O.K ! 
           -. Muz/Mrz    =   0.110  --->  O.K ! 
           -. Mu/Mr      =   0.110  --->  O.K ! 
           -. Ratio      =   0.110  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2272.96 kN. 
           -. Vuz    =         14.27 kN. 
           -. Muy    =        -23.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          5.56 kN. 
           -. Muz    =         -8.26 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1756.33 kN. 
           -. phiVcz    = phi * Vcz =     1580.70 kN. 
 
           -. Vuy       =        5.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.94 kN. 
           -. phiVcy    = phi * Vcy =     1556.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.19 kN. 
           -. phiVsz   = phi*Vsz =     2100.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5419.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.64 kN. 
           -. phiVsy   = phi*Vsy =     2093.08 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.316 kN. 
           -. Vr       =    3649.130 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111242,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2699.44        -4.78        -2.93        -0.54        -0.31 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2699.44        -4.78        -2.93        -0.54        -0.31 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.93 kN-m. 
           -. End Moments (My2) =        4.78 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.31 kN-m. 
           -. End Moments (Mz2) =        0.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.31 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.31 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        26.485 kN-m. 
           -. Mrz        =         2.752 kN-m. 
           -. Mr         =        26.627 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.111  --->  O.K ! 
           -. Muz/Mrz    =   0.111  --->  O.K ! 
           -. Mu/Mr      =   0.111  --->  O.K ! 
           -. Ratio      =   0.111  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2306.28 kN. 
           -. Vuz    =         12.88 kN. 
           -. Muy    =        -10.10 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          4.57 kN. 
           -. Muz    =         -3.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       12.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1756.43 kN. 
           -. phiVcz    = phi * Vcz =     1580.79 kN. 
 
           -. Vuy       =        4.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1729.05 kN. 
           -. phiVcy    = phi * Vcy =     1556.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.22 kN. 
           -. phiVsz   = phi*Vsz =     2100.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5419.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.68 kN. 
           -. phiVsy   = phi*Vsy =     2093.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      13.671 kN. 
           -. Vr       =    3649.249 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       15.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       15.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111243,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2716.10        -2.93        -1.42        -0.31        -0.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2716.10        -2.93        -1.42        -0.31        -0.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.42 kN-m. 
           -. End Moments (My2) =        2.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.14 kN-m. 
           -. End Moments (Mz2) =        0.31 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        12.739 kN-m. 
           -. Mrz        =         1.224 kN-m. 
           -. Mr         =        12.798 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.111  --->  O.K ! 
           -. Muz/Mrz    =   0.112  --->  O.K ! 
           -. Mu/Mr      =   0.112  --->  O.K ! 
           -. Ratio      =   0.112  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2322.94 kN. 
           -. Vuz    =         10.47 kN. 
           -. Muy    =         -4.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          3.45 kN. 
           -. Muz    =         -1.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.57 kN. 
           -. phiVcz    = phi * Vcz =     1580.02 kN. 
 
           -. Vuy       =        3.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.15 kN. 
           -. phiVcy    = phi * Vcy =     1555.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2333.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5392.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2333.96 kN. 
           -. phiVsz   = phi*Vsz =     2100.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.39 kN. 
           -. phiVsy   = phi*Vsy =     2092.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      11.019 kN. 
           -. Vr       =    3648.186 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       12.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       12.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111244,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2732.76        -1.42        -0.39        -0.14        -0.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2732.76        -1.42        -0.39        -0.14        -0.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.39 kN-m. 
           -. End Moments (My2) =        1.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.03 kN-m. 
           -. End Moments (Mz2) =        0.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         3.498 kN-m. 
           -. Mrz        =         0.307 kN-m. 
           -. Mr         =         3.512 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.113  --->  O.K ! 
           -. Mu/Mr      =   0.113  --->  O.K ! 
           -. Ratio      =   0.113  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2339.59 kN. 
           -. Vuz    =          7.06 kN. 
           -. Muy    =         -1.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =          2.19 kN. 
           -. Muz    =         -0.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1755.27 kN. 
           -. phiVcz    = phi * Vcz =     1579.75 kN. 
 
           -. Vuy       =        2.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1727.83 kN. 
           -. phiVcy    = phi * Vcy =     1555.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2333.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5393.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2333.87 kN. 
           -. phiVsz   = phi*Vsz =     2100.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.29 kN. 
           -. phiVsy   = phi*Vsy =     2092.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       7.388 kN. 
           -. Vr       =    3647.811 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =111245,  LCB = 148-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2732.76        -0.39         0.00        -0.03         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2732.76        -0.39         0.00        -0.03         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         3.498 kN-m. 
           -. Mrz        =         0.307 kN-m. 
           -. Mr         =         3.512 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.113  --->  O.K ! 
           -. Mu/Mr      =   0.113  --->  O.K ! 
           -. Ratio      =   0.113  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2356.25 kN. 
           -. Vuz    =          2.68 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.83 
 
           -. Vuy    =          0.78 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        2.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1728.09 kN. 
           -. phiVcz    = phi * Vcz =     1555.28 kN. 
 
           -. Vuy       =        0.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1728.09 kN. 
           -. phiVcy    = phi * Vcy =     1555.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2325.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5420.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2325.37 kN. 
           -. phiVsz   = phi*Vsz =     2092.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2325.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5420.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2325.37 kN. 
           -. phiVsy   = phi*Vsy =     2092.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.788 kN. 
           -. Vr       =    3648.117 kN. 
           -. Ratio    = Vu / Vr =7.644e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        3.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        3.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112102,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2338.19       184.54       308.22      1678.54       889.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2338.19       184.54       308.22      1678.54       889.01 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4906.910 kN. 
           -. Mry        =       377.658 kN-m. 
           -. Mrz        =      3525.639 kN-m. 
           -. Mr         =      3545.809 kN-m. 
           -. Pu/Pr      =   0.477  --->  O.K ! 
           -. Muy/Mry    =   0.489  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.489  --->  O.K ! 
           -. Ratio      =   0.489  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5310.71 kN. 
           -. Vuz    =        606.67 kN. 
           -. Muy    =       -314.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.19 
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           -. Vuy    =       1542.66 kN. 
           -. Muz    =       -621.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      606.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      991.67 kN. 
           -. phiVcz    = phi * Vcz =      892.50 kN. 
 
           -. Vuy       =     1542.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      948.76 kN. 
           -. phiVcy    = phi * Vcy =      853.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1965.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6156.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1965.56 kN. 
           -. phiVsz   = phi*Vsz =     1769.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1932.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6199.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1932.05 kN. 
           -. phiVsy   = phi*Vsy =     1738.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1657.660 kN. 
           -. Vr       =    2592.725 kN. 
           -. Ratio    = Vu / Vr = 0.639  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1841.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1841.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 366 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112103,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2326.50       308.22       535.38       889.01       346.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2326.50       308.22       535.38       889.01       346.41 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6960.553 kN. 
           -. Mry        =       930.461 kN-m. 
           -. Mrz        =      2670.062 kN-m. 
           -. Mr         =      2827.541 kN-m. 
           -. Pu/Pr      =   0.334  --->  O.K ! 
           -. Muy/Mry    =   0.331  --->  O.K ! 
           -. Muz/Mrz    =   0.333  --->  O.K ! 
           -. Mu/Mr      =   0.334  --->  O.K ! 
           -. Ratio      =   0.334  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5327.66 kN. 
           -. Vuz    =        528.73 kN. 
           -. Muy    =       -551.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.27 
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           -. Vuy    =       1369.42 kN. 
           -. Muz    =       -106.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      528.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1026.27 kN. 
           -. phiVcz    = phi * Vcz =      923.64 kN. 
 
           -. Vuy       =     1369.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      983.11 kN. 
           -. phiVcy    = phi * Vcy =      884.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1991.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6122.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1991.06 kN. 
           -. phiVsz   = phi*Vsz =     1791.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1959.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6165.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1959.05 kN. 
           -. phiVsy   = phi*Vsy =     1763.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1467.945 kN. 
           -. Vr       =    2647.951 kN. 
           -. Ratio    = Vu / Vr = 0.554  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1631.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1631.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112104,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2302.80       535.38       736.36       346.41       856.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2302.80       535.38       736.36       346.41       856.94 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6273.944 kN. 
           -. Mry        =      2003.028 kN-m. 
           -. Mrz        =      2342.205 kN-m. 
           -. Mr         =      3081.890 kN-m. 
           -. Pu/Pr      =   0.367  --->  O.K ! 
           -. Muy/Mry    =   0.368  --->  O.K ! 
           -. Muz/Mrz    =   0.366  --->  O.K ! 
           -. Mu/Mr      =   0.368  --->  O.K ! 
           -. Ratio      =   0.368  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5344.60 kN. 
           -. Vuz    =        451.50 kN. 
           -. Muy    =       -762.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =       1196.00 kN. 
           -. Muz    =       -644.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.25 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      451.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1063.34 kN. 
           -. phiVcz    = phi * Vcz =      957.01 kN. 
 
           -. Vuy       =     1196.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1020.02 kN. 
           -. phiVcy    = phi * Vcy =      918.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2016.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6085.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2016.99 kN. 
           -. phiVsz   = phi*Vsz =     1815.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1986.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6128.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1986.55 kN. 
           -. phiVsy   = phi*Vsy =     1787.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1278.390 kN. 
           -. Vr       =    2705.912 kN. 
           -. Ratio    = Vu / Vr = 0.472  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1420.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1420.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112105,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2291.09       736.36       905.13       856.94      1321.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2291.09       736.36       905.13       856.94      1321.03 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5002.617 kN. 
           -. Mry        =      1975.707 kN-m. 
           -. Mrz        =      2908.832 kN-m. 
           -. Mr         =      3516.350 kN-m. 
           -. Pu/Pr      =   0.458  --->  O.K ! 
           -. Muy/Mry    =   0.458  --->  O.K ! 
           -. Muz/Mrz    =   0.454  --->  O.K ! 
           -. Mu/Mr      =   0.458  --->  O.K ! 
           -. Ratio      =   0.458  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5361.54 kN. 
           -. Vuz    =        375.79 kN. 
           -. Muy    =       -938.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 376 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =       1024.28 kN. 
           -. Muz    =      -1134.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.20 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      375.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1038.33 kN. 
           -. phiVcz    = phi * Vcz =      934.50 kN. 
 
           -. Vuy       =     1024.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      995.11 kN. 
           -. phiVcy    = phi * Vcy =      895.60 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1999.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6110.16 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1999.64 kN. 
           -. phiVsz   = phi*Vsz =     1799.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1968.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6153.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1968.15 kN. 
           -. phiVsy   = phi*Vsy =     1771.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1091.041 kN. 
           -. Vr       =    2666.938 kN. 
           -. Ratio    = Vu / Vr = 0.409  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1212.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1212.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2279.37       905.13      1039.90      1321.03      1720.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2279.37       905.13      1039.90      1321.03      1720.00 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4269.711 kN. 
           -. Mry        =      1933.406 kN-m. 
           -. Mrz        =      3215.107 kN-m. 
           -. Mr         =      3751.662 kN-m. 
           -. Pu/Pr      =   0.534  --->  O.K ! 
           -. Muy/Mry    =   0.538  --->  O.K ! 
           -. Muz/Mrz    =   0.535  --->  O.K ! 
           -. Mu/Mr      =   0.538  --->  O.K ! 
           -. Ratio      =   0.538  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5378.46 kN. 
           -. Vuz    =        302.41 kN. 
           -. Muy    =      -1079.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        856.15 kN. 
           -. Muz    =      -1559.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.14 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      302.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1007.99 kN. 
           -. phiVcz    = phi * Vcz =      907.19 kN. 
 
           -. Vuy       =      856.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      964.95 kN. 
           -. phiVcy    = phi * Vcy =      868.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1977.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6140.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1977.75 kN. 
           -. phiVsz   = phi*Vsz =     1779.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1944.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6183.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1944.96 kN. 
           -. phiVsy   = phi*Vsy =     1750.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     907.986 kN. 
           -. Vr       =    2618.918 kN. 
           -. Ratio    = Vu / Vr = 0.347  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1008.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1008.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2267.64      1039.90      1142.18      1720.00      2047.92 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2267.64      1039.90      1142.18      1720.00      2047.92 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3755.959 kN. 
           -. Mry        =      1894.155 kN-m. 
           -. Mrz        =      3421.964 kN-m. 
           -. Mr         =      3911.222 kN-m. 
           -. Pu/Pr      =   0.604  --->  O.K ! 
           -. Muy/Mry    =   0.603  --->  O.K ! 
           -. Muz/Mrz    =   0.598  --->  O.K ! 
           -. Mu/Mr      =   0.604  --->  O.K ! 
           -. Ratio      =   0.604  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5395.38 kN. 
           -. Vuz    =        232.17 kN. 
           -. Muy    =      -1186.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        693.47 kN. 
           -. Muz    =      -1912.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.09 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      232.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      986.02 kN. 
           -. phiVcz    = phi * Vcz =      887.42 kN. 
 
           -. Vuy       =      693.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      943.16 kN. 
           -. phiVcy    = phi * Vcy =      848.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1961.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6162.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1961.27 kN. 
           -. phiVsz   = phi*Vsz =     1765.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1927.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6205.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1927.51 kN. 
           -. phiVsy   = phi*Vsy =     1734.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     731.308 kN. 
           -. Vr       =    2583.604 kN. 
           -. Ratio    = Vu / Vr = 0.283  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      812.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      812.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112108,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2255.90      1142.18      1221.76      2047.92      2302.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2255.90      1142.18      1221.76      2047.92      2302.99 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3471.457 kN. 
           -. Mry        =      1866.583 kN-m. 
           -. Mrz        =      3537.936 kN-m. 
           -. Mr         =      4000.140 kN-m. 
           -. Pu/Pr      =   0.650  --->  O.K ! 
           -. Muy/Mry    =   0.655  --->  O.K ! 
           -. Muz/Mrz    =   0.651  --->  O.K ! 
           -. Mu/Mr      =   0.655  --->  O.K ! 
           -. Ratio      =   0.655  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5412.30 kN. 
           -. Vuz    =        165.88 kN. 
           -. Muy    =      -1269.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.15 
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           -. Vuy    =        538.14 kN. 
           -. Muz    =      -2190.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.06 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      165.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      971.43 kN. 
           -. phiVcz    = phi * Vcz =      874.28 kN. 
 
           -. Vuy       =      538.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      928.70 kN. 
           -. phiVcy    = phi * Vcy =      835.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1950.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6177.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1950.02 kN. 
           -. phiVsz   = phi*Vsz =     1755.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1915.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6219.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1915.61 kN. 
           -. phiVsy   = phi*Vsy =     1724.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     563.126 kN. 
           -. Vr       =    2559.884 kN. 
           -. Ratio    = Vu / Vr = 0.220  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      625.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      625.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112109,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2244.16      1221.76      1271.06      2302.99      2487.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2244.16      1221.76      1271.06      2302.99      2487.35 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3286.483 kN. 
           -. Mry        =      1842.523 kN-m. 
           -. Mrz        =      3615.907 kN-m. 
           -. Mr         =      4058.284 kN-m. 
           -. Pu/Pr      =   0.683  --->  O.K ! 
           -. Muy/Mry    =   0.690  --->  O.K ! 
           -. Muz/Mrz    =   0.688  --->  O.K ! 
           -. Mu/Mr      =   0.690  --->  O.K ! 
           -. Ratio      =   0.690  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5429.20 kN. 
           -. Vuz    =        104.36 kN. 
           -. Muy    =      -1320.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.13 
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           -. Vuy    =        391.95 kN. 
           -. Muz    =      -2397.31 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.04 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      104.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      963.85 kN. 
           -. phiVcz    = phi * Vcz =      867.47 kN. 
 
           -. Vuy       =      391.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      921.21 kN. 
           -. phiVcy    = phi * Vcy =      829.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1944.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6184.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1944.09 kN. 
           -. phiVsz   = phi*Vsz =     1749.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1909.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6227.28 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1909.33 kN. 
           -. phiVsy   = phi*Vsy =     1718.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     405.603 kN. 
           -. Vr       =    2547.484 kN. 
           -. Ratio    = Vu / Vr = 0.159  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      450.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      450.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112110,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2232.41      1271.06      1292.35      2487.35      2605.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2232.41      1271.06      1292.35      2487.35      2605.35 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3155.374 kN. 
           -. Mry        =      1821.534 kN-m. 
           -. Mrz        =      3672.830 kN-m. 
           -. Mr         =      4099.715 kN-m. 
           -. Pu/Pr      =   0.707  --->  O.K ! 
           -. Muy/Mry    =   0.709  --->  O.K ! 
           -. Muz/Mrz    =   0.709  --->  O.K ! 
           -. Mu/Mr      =   0.709  --->  O.K ! 
           -. Ratio      =   0.709  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5446.10 kN. 
           -. Vuz    =         48.99 kN. 
           -. Muy    =      -1343.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.13 
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           -. Vuy    =        257.01 kN. 
           -. Muz    =      -2535.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.04 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       48.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      962.33 kN. 
           -. phiVcz    = phi * Vcz =      866.10 kN. 
 
           -. Vuy       =      257.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      919.70 kN. 
           -. phiVcy    = phi * Vcy =      827.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1942.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6186.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1942.89 kN. 
           -. phiVsz   = phi*Vsz =     1748.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1908.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6228.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1908.07 kN. 
           -. phiVsy   = phi*Vsy =     1717.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     261.636 kN. 
           -. Vr       =    2544.992 kN. 
           -. Ratio    = Vu / Vr = 0.103  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      290.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      290.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112111,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2220.65      1292.35      1288.44      2605.35      2662.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2220.65      1292.35      1288.44      2605.35      2662.62 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3113.294 kN. 
           -. Mry        =      1794.894 kN-m. 
           -. Mrz        =      3697.176 kN-m. 
           -. Mr         =      4109.836 kN-m. 
           -. Pu/Pr      =   0.713  --->  O.K ! 
           -. Muy/Mry    =   0.718  --->  O.K ! 
           -. Muz/Mrz    =   0.720  --->  O.K ! 
           -. Mu/Mr      =   0.720  --->  O.K ! 
           -. Ratio      =   0.720  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5462.99 kN. 
           -. Vuz    =         26.94 kN. 
           -. Muy    =      -1339.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.14 
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           -. Vuy    =        134.53 kN. 
           -. Muz    =      -2612.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.04 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       26.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      965.73 kN. 
           -. phiVcz    = phi * Vcz =      869.16 kN. 
 
           -. Vuy       =      134.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      923.06 kN. 
           -. phiVcy    = phi * Vcy =      830.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1945.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6182.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1945.57 kN. 
           -. phiVsz   = phi*Vsz =     1751.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1910.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6225.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1910.90 kN. 
           -. phiVsy   = phi*Vsy =     1719.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     137.198 kN. 
           -. Vr       =    2550.565 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 401 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      152.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      152.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112112,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2220.88      1288.44      1262.71      2662.62      2665.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2220.88      1288.44      1262.71      2662.62      2665.61 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3113.294 kN. 
           -. Mry        =      1794.894 kN-m. 
           -. Mrz        =      3697.176 kN-m. 
           -. Mr         =      4109.836 kN-m. 
           -. Pu/Pr      =   0.713  --->  O.K ! 
           -. Muy/Mry    =   0.718  --->  O.K ! 
           -. Muz/Mrz    =   0.720  --->  O.K ! 
           -. Mu/Mr      =   0.720  --->  O.K ! 
           -. Ratio      =   0.720  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4287.70 kN. 
           -. Vuz    =        100.10 kN. 
           -. Muy    =      -2008.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
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           -. Vuy    =         43.16 kN. 
           -. Muz    =      -1193.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.32 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      100.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1092.35 kN. 
           -. phiVcz    = phi * Vcz =      983.12 kN. 
 
           -. Vuy       =       43.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1048.97 kN. 
           -. phiVcy    = phi * Vcy =      944.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2036.35 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6056.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2036.35 kN. 
           -. phiVsz   = phi*Vsz =     1832.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2007.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6099.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2007.10 kN. 
           -. phiVsy   = phi*Vsy =     1806.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     109.010 kN. 
           -. Vr       =    2750.465 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      121.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      121.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2209.10      1262.71      1218.48      2665.61      2621.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2209.10      1262.71      1218.48      2665.61      2621.43 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3074.350 kN. 
           -. Mry        =      1765.076 kN-m. 
           -. Mrz        =      3723.303 kN-m. 
           -. Mr         =      4120.495 kN-m. 
           -. Pu/Pr      =   0.719  --->  O.K ! 
           -. Muy/Mry    =   0.715  --->  O.K ! 
           -. Muz/Mrz    =   0.716  --->  O.K ! 
           -. Mu/Mr      =   0.719  --->  O.K ! 
           -. Ratio      =   0.719  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4304.53 kN. 
           -. Vuz    =        154.09 kN. 
           -. Muy    =      -1963.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.41 
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           -. Vuy    =         46.65 kN. 
           -. Muz    =      -1214.96 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.31 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      154.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1089.22 kN. 
           -. phiVcz    = phi * Vcz =      980.30 kN. 
 
           -. Vuy       =       46.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1045.85 kN. 
           -. phiVcy    = phi * Vcy =      941.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2034.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6059.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2034.30 kN. 
           -. phiVsz   = phi*Vsz =     1830.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2004.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6102.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2004.92 kN. 
           -. phiVsy   = phi*Vsy =     1804.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     160.999 kN. 
           -. Vr       =    2745.691 kN. 
           -. Ratio    = Vu / Vr = 0.059  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      178.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      178.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 410 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2197.32      1218.48      1153.48      2621.43      2523.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2197.32      1218.48      1153.48      2621.43      2523.49 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3112.827 kN. 
           -. Mry        =      1730.259 kN-m. 
           -. Mrz        =      3727.862 kN-m. 
           -. Mr         =      4109.836 kN-m. 
           -. Pu/Pr      =   0.706  --->  O.K ! 
           -. Muy/Mry    =   0.704  --->  O.K ! 
           -. Muz/Mrz    =   0.703  --->  O.K ! 
           -. Mu/Mr      =   0.706  --->  O.K ! 
           -. Ratio      =   0.706  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5496.96 kN. 
           -. Vuz    =        139.92 kN. 
           -. Muy    =      -1266.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.13 
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           -. Vuy    =        174.96 kN. 
           -. Muz    =      -2603.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.03 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      139.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      960.83 kN. 
           -. phiVcz    = phi * Vcz =      864.74 kN. 
 
           -. Vuy       =      174.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      918.21 kN. 
           -. phiVcy    = phi * Vcy =      826.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1941.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6187.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1941.70 kN. 
           -. phiVsz   = phi*Vsz =     1747.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1906.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6230.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1906.81 kN. 
           -. phiVsy   = phi*Vsy =     1716.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     224.030 kN. 
           -. Vr       =    2542.516 kN. 
           -. Ratio    = Vu / Vr = 0.088  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      248.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      248.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2185.54      1153.48      1068.68      2523.49      2373.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2185.54      1153.48      1068.68      2523.49      2373.88 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3235.211 kN. 
           -. Mry        =      1698.173 kN-m. 
           -. Mrz        =      3707.534 kN-m. 
           -. Mr         =      4077.941 kN-m. 
           -. Pu/Pr      =   0.676  --->  O.K ! 
           -. Muy/Mry    =   0.679  --->  O.K ! 
           -. Muz/Mrz    =   0.681  --->  O.K ! 
           -. Mu/Mr      =   0.681  --->  O.K ! 
           -. Ratio      =   0.681  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5513.82 kN. 
           -. Vuz    =        178.19 kN. 
           -. Muy    =      -1199.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.13 
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           -. Vuy    =        283.43 kN. 
           -. Muz    =      -2519.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.03 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      178.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      961.08 kN. 
           -. phiVcz    = phi * Vcz =      864.97 kN. 
 
           -. Vuy       =      283.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      918.46 kN. 
           -. phiVcy    = phi * Vcy =      826.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1941.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6187.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1941.90 kN. 
           -. phiVsz   = phi*Vsz =     1747.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1907.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6230.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1907.02 kN. 
           -. phiVsy   = phi*Vsy =     1716.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     334.792 kN. 
           -. Vr       =    2542.930 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      371.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      371.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2173.74      1068.68       969.84      2373.88      2184.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2173.74      1068.68       969.84      2373.88      2184.74 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3354.137 kN. 
           -. Mry        =      1665.831 kN-m. 
           -. Mrz        =      3681.908 kN-m. 
           -. Mr         =      4041.218 kN-m. 
           -. Pu/Pr      =   0.648  --->  O.K ! 
           -. Muy/Mry    =   0.642  --->  O.K ! 
           -. Muz/Mrz    =   0.645  --->  O.K ! 
           -. Mu/Mr      =   0.648  --->  O.K ! 
           -. Ratio      =   0.648  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5530.67 kN. 
           -. Vuz    =        206.66 kN. 
           -. Muy    =      -1110.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.15 
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           -. Vuy    =        365.69 kN. 
           -. Muz    =      -2380.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.05 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      206.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      969.22 kN. 
           -. phiVcz    = phi * Vcz =      872.30 kN. 
 
           -. Vuy       =      365.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      926.52 kN. 
           -. phiVcy    = phi * Vcy =      833.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1948.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6179.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1948.30 kN. 
           -. phiVsz   = phi*Vsz =     1753.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1913.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6221.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1913.79 kN. 
           -. phiVsy   = phi*Vsy =     1722.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     420.047 kN. 
           -. Vr       =    2556.276 kN. 
           -. Ratio    = Vu / Vr = 0.164  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      466.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      466.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=5.0472e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=6.4863e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =6.4863e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112117,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2161.94       969.84       862.58      2184.74      1969.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2161.94       969.84       862.58      2184.74      1969.24 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3585.008 kN. 
           -. Mry        =      1618.404 kN-m. 
           -. Mrz        =      3627.499 kN-m. 
           -. Mr         =      3972.150 kN-m. 
           -. Pu/Pr      =   0.603  --->  O.K ! 
           -. Muy/Mry    =   0.599  --->  O.K ! 
           -. Muz/Mrz    =   0.602  --->  O.K ! 
           -. Mu/Mr      =   0.603  --->  O.K ! 
           -. Ratio      =   0.603  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5547.51 kN. 
           -. Vuz    =        223.74 kN. 
           -. Muy    =      -1008.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        421.78 kN. 
           -. Muz    =      -2199.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      223.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      984.46 kN. 
           -. phiVcz    = phi * Vcz =      886.01 kN. 
 
           -. Vuy       =      421.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      941.61 kN. 
           -. phiVcy    = phi * Vcy =      847.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1960.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6164.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1960.08 kN. 
           -. phiVsz   = phi*Vsz =     1764.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1926.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6206.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1926.25 kN. 
           -. phiVsy   = phi*Vsy =     1733.63 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     477.445 kN. 
           -. Vr       =    2581.079 kN. 
           -. Ratio    = Vu / Vr = 0.185  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      530.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      530.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112118,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2150.13       862.58       751.91      1969.24      1740.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2150.13       862.58       751.91      1969.24      1740.01 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3896.406 kN. 
           -. Mry        =      1559.014 kN-m. 
           -. Mrz        =      3543.655 kN-m. 
           -. Mr         =      3871.436 kN-m. 
           -. Pu/Pr      =   0.552  --->  O.K ! 
           -. Muy/Mry    =   0.553  --->  O.K ! 
           -. Muz/Mrz    =   0.556  --->  O.K ! 
           -. Mu/Mr      =   0.556  --->  O.K ! 
           -. Ratio      =   0.556  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5564.35 kN. 
           -. Vuz    =        230.44 kN. 
           -. Muy    =       -896.71 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        453.65 kN. 
           -. Muz    =      -1989.46 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      230.44 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1005.74 kN. 
           -. phiVcz    = phi * Vcz =      905.17 kN. 
 
           -. Vuy       =      453.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      962.72 kN. 
           -. phiVcy    = phi * Vcy =      866.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1976.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6142.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1976.09 kN. 
           -. phiVsz   = phi*Vsz =     1778.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1943.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6185.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1943.20 kN. 
           -. phiVsy   = phi*Vsy =     1748.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     508.819 kN. 
           -. Vr       =    2615.327 kN. 
           -. Ratio    = Vu / Vr = 0.195  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      565.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      565.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112119,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2138.31       751.91       642.22      1740.01      1507.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2138.31       751.91       642.22      1740.01      1507.06 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4216.321 kN. 
           -. Mry        =      1497.982 kN-m. 
           -. Mrz        =      3456.788 kN-m. 
           -. Mr         =      3767.404 kN-m. 
           -. Pu/Pr      =   0.507  --->  O.K ! 
           -. Muy/Mry    =   0.502  --->  O.K ! 
           -. Muz/Mrz    =   0.503  --->  O.K ! 
           -. Mu/Mr      =   0.507  --->  O.K ! 
           -. Ratio      =   0.507  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5581.18 kN. 
           -. Vuz    =        228.24 kN. 
           -. Muy    =       -781.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        463.97 kN. 
           -. Muz    =      -1764.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.19 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      228.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1031.98 kN. 
           -. phiVcz    = phi * Vcz =      928.78 kN. 
 
           -. Vuy       =      463.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      988.79 kN. 
           -. phiVcy    = phi * Vcy =      889.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1995.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6116.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1995.14 kN. 
           -. phiVsz   = phi*Vsz =     1795.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1963.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6159.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1963.38 kN. 
           -. phiVsy   = phi*Vsy =     1767.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     517.066 kN. 
           -. Vr       =    2656.955 kN. 
           -. Ratio    = Vu / Vr = 0.195  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 433 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      574.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      574.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112120,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2126.48       642.22       537.16      1507.06      1279.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2126.48       642.22       537.16      1507.06      1279.14 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4713.015 kN. 
           -. Mry        =      1411.199 kN-m. 
           -. Mrz        =      3317.090 kN-m. 
           -. Mr         =      3604.798 kN-m. 
           -. Pu/Pr      =   0.451  --->  O.K ! 
           -. Muy/Mry    =   0.455  --->  O.K ! 
           -. Muz/Mrz    =   0.454  --->  O.K ! 
           -. Mu/Mr      =   0.455  --->  O.K ! 
           -. Ratio      =   0.455  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5598.00 kN. 
           -. Vuz    =        218.47 kN. 
           -. Muy    =       -667.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        455.74 kN. 
           -. Muz    =      -1533.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      218.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1062.21 kN. 
           -. phiVcz    = phi * Vcz =      955.99 kN. 
 
           -. Vuy       =      455.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1018.89 kN. 
           -. phiVcy    = phi * Vcy =      917.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2016.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6086.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2016.21 kN. 
           -. phiVsz   = phi*Vsz =     1814.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1985.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6129.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1985.73 kN. 
           -. phiVsy   = phi*Vsy =     1787.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     505.401 kN. 
           -. Vr       =    2704.156 kN. 
           -. Ratio    = Vu / Vr = 0.187  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      561.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      561.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112121,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2114.65       537.16       439.72      1279.14      1063.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2114.65       537.16       439.72      1279.14      1063.79 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 439 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5233.251 kN. 
           -. Mry        =      1319.524 kN-m. 
           -. Mrz        =      3169.844 kN-m. 
           -. Mr         =      3433.520 kN-m. 
           -. Pu/Pr      =   0.404  --->  O.K ! 
           -. Muy/Mry    =   0.407  --->  O.K ! 
           -. Muz/Mrz    =   0.404  --->  O.K ! 
           -. Mu/Mr      =   0.407  --->  O.K ! 
           -. Ratio      =   0.407  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5614.82 kN. 
           -. Vuz    =        202.64 kN. 
           -. Muy    =       -558.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
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           -. Vuy    =        432.27 kN. 
           -. Muz    =      -1306.19 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      202.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1095.38 kN. 
           -. phiVcz    = phi * Vcz =      985.84 kN. 
 
           -. Vuy       =      432.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1052.00 kN. 
           -. phiVcy    = phi * Vcy =      946.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2038.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6053.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2038.33 kN. 
           -. phiVsz   = phi*Vsz =     1834.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2009.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6096.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2009.20 kN. 
           -. phiVsy   = phi*Vsy =     1808.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     477.404 kN. 
           -. Vr       =    2755.077 kN. 
           -. Ratio    = Vu / Vr = 0.173  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      530.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      530.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112122,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2102.81       439.72       352.20      1063.79       867.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2102.81       439.72       352.20      1063.79       867.06 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5893.850 kN. 
           -. Mry        =      1224.294 kN-m. 
           -. Mrz        =      2967.330 kN-m. 
           -. Mr         =      3209.976 kN-m. 
           -. Pu/Pr      =   0.357  --->  O.K ! 
           -. Muy/Mry    =   0.359  --->  O.K ! 
           -. Muz/Mrz    =   0.359  --->  O.K ! 
           -. Mu/Mr      =   0.359  --->  O.K ! 
           -. Ratio      =   0.359  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5631.62 kN. 
           -. Vuz    =        182.00 kN. 
           -. Muy    =       -457.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
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           -. Vuy    =        396.39 kN. 
           -. Muz    =      -1090.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      182.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1130.39 kN. 
           -. phiVcz    = phi * Vcz =     1017.35 kN. 
 
           -. Vuy       =      396.39 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1087.02 kN. 
           -. phiVcy    = phi * Vcy =      978.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6018.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.59 kN. 
           -. phiVsz   = phi*Vsz =     1854.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2032.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6061.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2032.85 kN. 
           -. phiVsy   = phi*Vsy =     1829.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     436.173 kN. 
           -. Vr       =    2807.886 kN. 
           -. Ratio    = Vu / Vr = 0.155  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      484.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      484.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112123,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2090.96       352.20       276.29       867.06       693.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2090.96       352.20       276.29       867.06       693.55 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6607.746 kN. 
           -. Mry        =      1126.610 kN-m. 
           -. Mrz        =      2735.296 kN-m. 
           -. Mr         =      2958.225 kN-m. 
           -. Pu/Pr      =   0.316  --->  O.K ! 
           -. Muy/Mry    =   0.313  --->  O.K ! 
           -. Muz/Mrz    =   0.317  --->  O.K ! 
           -. Mu/Mr      =   0.317  --->  O.K ! 
           -. Ratio      =   0.317  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5648.42 kN. 
           -. Vuz    =        157.86 kN. 
           -. Muy    =       -366.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
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           -. Vuy    =        350.89 kN. 
           -. Muz    =       -892.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.49 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      157.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1166.03 kN. 
           -. phiVcz    = phi * Vcz =     1049.43 kN. 
 
           -. Vuy       =      350.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1122.77 kN. 
           -. phiVcy    = phi * Vcy =     1010.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2082.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5982.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2082.19 kN. 
           -. phiVsz   = phi*Vsz =     1873.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2055.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6025.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2055.83 kN. 
           -. phiVsy   = phi*Vsy =     1850.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     384.762 kN. 
           -. Vr       =    2860.746 kN. 
           -. Ratio    = Vu / Vr = 0.134  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      427.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      427.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0053 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112124,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2079.10       276.29       213.12       693.55       546.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2079.10       276.29       213.12       693.55       546.54 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7414.554 kN. 
           -. Mry        =       982.354 kN-m. 
           -. Mrz        =      2468.510 kN-m. 
           -. Mr         =      2656.796 kN-m. 
           -. Pu/Pr      =   0.280  --->  O.K ! 
           -. Muy/Mry    =   0.281  --->  O.K ! 
           -. Muz/Mrz    =   0.281  --->  O.K ! 
           -. Mu/Mr      =   0.281  --->  O.K ! 
           -. Ratio      =   0.281  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5665.21 kN. 
           -. Vuz    =        131.38 kN. 
           -. Muy    =       -287.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
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           -. Vuy    =        298.61 kN. 
           -. Muz    =       -717.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      131.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1201.01 kN. 
           -. phiVcz    = phi * Vcz =     1080.91 kN. 
 
           -. Vuy       =      298.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1157.96 kN. 
           -. phiVcy    = phi * Vcy =     1042.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2102.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5947.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2102.44 kN. 
           -. phiVsz   = phi*Vsz =     1892.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2077.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5990.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2077.39 kN. 
           -. phiVsy   = phi*Vsy =     1869.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     326.236 kN. 
           -. Vr       =    2911.815 kN. 
           -. Ratio    = Vu / Vr = 0.112  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      362.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      362.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0061 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0060 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0060 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112125,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2067.24       213.12       158.99       546.54       418.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2067.24       213.12       158.99       546.54       418.89 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -8208.896 kN. 
           -. Mry        =       847.012 kN-m. 
           -. Mrz        =      2195.278 kN-m. 
           -. Mr         =      2353.014 kN-m. 
           -. Pu/Pr      =   0.252  --->  O.K ! 
           -. Muy/Mry    =   0.252  --->  O.K ! 
           -. Muz/Mrz    =   0.249  --->  O.K ! 
           -. Mu/Mr      =   0.252  --->  O.K ! 
           -. Ratio      =   0.252  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5682.00 kN. 
           -. Vuz    =        112.57 kN. 
           -. Muy    =       -221.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
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           -. Vuy    =        260.18 kN. 
           -. Muz    =       -567.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1231.23 kN. 
           -. phiVcz    = phi * Vcz =     1108.11 kN. 
 
           -. Vuy       =      260.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1188.43 kN. 
           -. phiVcy    = phi * Vcy =     1069.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2119.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5917.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2119.21 kN. 
           -. phiVsz   = phi*Vsz =     1907.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2095.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5960.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2095.26 kN. 
           -. phiVsy   = phi*Vsy =     1885.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     283.491 kN. 
           -. Vr       =    2955.320 kN. 
           -. Ratio    = Vu / Vr = 0.096  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      314.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      314.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0067 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0067 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0067 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112126,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5715.43      -165.28      -117.43      -437.85      -325.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5715.43      -165.28      -117.43      -437.85      -325.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      117.43 kN-m. 
           -. End Moments (My2) =      165.28 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -117.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -117.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      325.49 kN-m. 
           -. End Moments (Mz2) =      437.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -325.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -325.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       501.146 kN-m. 
           -. Mrz        =      1389.947 kN-m. 
           -. Mr         =      1477.532 kN-m. 
           -. Pu/Pr      =   0.234  --->  O.K ! 
           -. Muy/Mry    =   0.234  --->  O.K ! 
           -. Muz/Mrz    =   0.234  --->  O.K ! 
           -. Mu/Mr      =   0.234  --->  O.K ! 
           -. Ratio      =   0.234  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5698.78 kN. 
           -. Vuz    =         95.74 kN. 
           -. Muy    =       -165.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.79 
 
           -. Vuy    =        224.81 kN. 
           -. Muz    =       -437.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       95.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1258.88 kN. 
           -. phiVcz    = phi * Vcz =     1133.00 kN. 
 
           -. Vuy       =      224.81 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1216.36 kN. 
           -. phiVcy    = phi * Vcy =     1094.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2134.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5889.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2134.01 kN. 
           -. phiVsz   = phi*Vsz =     1920.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2111.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5932.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2111.04 kN. 
           -. phiVsy   = phi*Vsy =     1899.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     244.346 kN. 
           -. Vr       =    2994.662 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      271.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      271.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0072 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0072 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0072 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112127,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5732.20      -117.43       -77.72      -325.49      -230.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5732.20      -117.43       -77.72      -325.49      -230.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       77.72 kN-m. 
           -. End Moments (My2) =      117.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -77.72 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -77.72 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      230.61 kN-m. 
           -. End Moments (Mz2) =      325.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -230.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -230.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       330.790 kN-m. 
           -. Mrz        =       981.853 kN-m. 
           -. Mr         =      1036.077 kN-m. 
           -. Pu/Pr      =   0.235  --->  O.K ! 
           -. Muy/Mry    =   0.235  --->  O.K ! 
           -. Muz/Mrz    =   0.235  --->  O.K ! 
           -. Mu/Mr      =   0.235  --->  O.K ! 
           -. Ratio      =   0.235  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5715.54 kN. 
           -. Vuz    =         79.47 kN. 
           -. Muy    =       -117.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        189.89 kN. 
           -. Muz    =       -325.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       79.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.27 kN. 
           -. phiVcz    = phi * Vcz =     1155.84 kN. 
 
           -. Vuy       =      189.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.06 kN. 
           -. phiVcy    = phi * Vcy =     1117.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.15 kN. 
           -. phiVsz   = phi*Vsz =     1932.44 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.07 kN. 
           -. phiVsy   = phi*Vsy =     1912.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.843 kN. 
           -. Vr       =    3030.414 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      228.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      228.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0077 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0077 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0077 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112128,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5748.96       -77.72       -45.72      -230.61      -152.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5748.96       -77.72       -45.72      -230.61      -152.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       45.72 kN-m. 
           -. End Moments (My2) =       77.72 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -45.72 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -45.72 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      152.54 kN-m. 
           -. End Moments (Mz2) =      230.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -152.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -152.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       194.266 kN-m. 
           -. Mrz        =       647.494 kN-m. 
           -. Mr         =       676.009 kN-m. 
           -. Pu/Pr      =   0.236  --->  O.K ! 
           -. Muy/Mry    =   0.235  --->  O.K ! 
           -. Muz/Mrz    =   0.236  --->  O.K ! 
           -. Mu/Mr      =   0.236  --->  O.K ! 
           -. Ratio      =   0.236  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5732.31 kN. 
           -. Vuz    =         64.10 kN. 
           -. Muy    =        -77.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        156.28 kN. 
           -. Muz    =       -230.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.80 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       64.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1306.94 kN. 
           -. phiVcz    = phi * Vcz =     1176.25 kN. 
 
           -. Vuy       =      156.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1265.06 kN. 
           -. phiVcy    = phi * Vcy =     1138.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2158.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5841.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2158.55 kN. 
           -. phiVsz   = phi*Vsz =     1942.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2137.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5883.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2137.24 kN. 
           -. phiVsy   = phi*Vsy =     1923.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     168.919 kN. 
           -. Vr       =    3062.067 kN. 
           -. Ratio    = Vu / Vr = 0.055  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      187.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      187.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0081 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0081 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0081 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5765.72       -45.72       -20.92      -152.54       -90.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5765.72       -45.72       -20.92      -152.54       -90.33 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       20.92 kN-m. 
           -. End Moments (My2) =       45.72 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -20.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -20.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       90.33 kN-m. 
           -. End Moments (Mz2) =      152.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -90.33 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -90.33 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        88.941 kN-m. 
           -. Mrz        =       382.267 kN-m. 
           -. Mr         =       392.478 kN-m. 
           -. Pu/Pr      =   0.236  --->  O.K ! 
           -. Muy/Mry    =   0.235  --->  O.K ! 
           -. Muz/Mrz    =   0.236  --->  O.K ! 
           -. Mu/Mr      =   0.236  --->  O.K ! 
           -. Ratio      =   0.236  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5749.06 kN. 
           -. Vuz    =         49.89 kN. 
           -. Muy    =        -45.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.96 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.94 
 
           -. Vuy    =        124.67 kN. 
           -. Muz    =       -152.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       49.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1326.58 kN. 
           -. phiVcz    = phi * Vcz =     1193.93 kN. 
 
           -. Vuy       =      124.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1285.01 kN. 
           -. phiVcy    = phi * Vcy =     1156.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2168.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5821.90 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2168.18 kN. 
           -. phiVsz   = phi*Vsz =     1951.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2147.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5863.48 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2147.53 kN. 
           -. phiVsy   = phi*Vsy =     1932.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     134.283 kN. 
           -. Vr       =    3089.283 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      149.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      149.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0085 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0085 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0085 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5782.46       -20.92        -4.83       -90.33       -42.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5782.46       -20.92        -4.83       -90.33       -42.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.83 kN-m. 
           -. End Moments (My2) =       20.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.88 kN-m. 
           -. End Moments (Mz2) =       90.33 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        20.427 kN-m. 
           -. Mrz        =       180.987 kN-m. 
           -. Mr         =       182.136 kN-m. 
           -. Pu/Pr      =   0.237  --->  O.K ! 
           -. Muy/Mry    =   0.236  --->  O.K ! 
           -. Muz/Mrz    =   0.237  --->  O.K ! 
           -. Mu/Mr      =   0.237  --->  O.K ! 
           -. Ratio      =   0.237  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5782.46 kN. 
           -. Vuz    =         36.98 kN. 
           -. Muy    =         -4.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =         95.55 kN. 
           -. Muz    =        -42.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       36.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.42 kN. 
           -. phiVcz    = phi * Vcz =     1208.17 kN. 
 
           -. Vuy       =       95.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1301.11 kN. 
           -. phiVcy    = phi * Vcy =     1171.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5806.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.78 kN. 
           -. phiVsz   = phi*Vsz =     1958.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.65 kN. 
           -. phiVsy   = phi*Vsy =     1940.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     102.455 kN. 
           -. Vr       =    3111.084 kN. 
           -. Ratio    = Vu / Vr = 0.033  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      113.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      113.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0090 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0090 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0090 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112131,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5799.20        -4.83       -12.59       -42.88        -9.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5799.20        -4.83       -12.59       -42.88        -9.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.83 kN-m. 
           -. End Moments (My2) =       12.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 479 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -12.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -12.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.38 kN-m. 
           -. End Moments (Mz2) =       42.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        52.955 kN-m. 
           -. Mrz        =        39.494 kN-m. 
           -. Mr         =        66.061 kN-m. 
           -. Pu/Pr      =   0.238  --->  O.K ! 
           -. Muy/Mry    =   0.238  --->  O.K ! 
           -. Muz/Mrz    =   0.238  --->  O.K ! 
           -. Mu/Mr      =   0.238  --->  O.K ! 
           -. Ratio      =   0.238  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5799.20 kN. 
           -. Vuz    =         25.50 kN. 
           -. Muy    =        -12.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =         69.25 kN. 
           -. Muz    =         -9.38 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1350.55 kN. 
           -. phiVcz    = phi * Vcz =     1215.49 kN. 
 
           -. Vuy       =       69.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1309.39 kN. 
           -. phiVcy    = phi * Vcy =     1178.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.63 kN. 
           -. phiVsz   = phi*Vsz =     1961.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2159.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5839.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2159.77 kN. 
           -. phiVsy   = phi*Vsy =     1943.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      73.798 kN. 
           -. Vr       =    3122.240 kN. 
           -. Ratio    = Vu / Vr = 0.024  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       82.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       82.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0091 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0091 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0091 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112132,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5815.93       -12.59       -18.98        -9.38       -24.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5815.93       -12.59       -18.98        -9.38       -24.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.59 kN-m. 
           -. End Moments (My2) =       18.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -18.98 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -18.98 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.38 kN-m. 
           -. End Moments (Mz2) =       24.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -24.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -24.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        79.559 kN-m. 
           -. Mrz        =       100.991 kN-m. 
           -. Mr         =       128.564 kN-m. 
           -. Pu/Pr      =   0.238  --->  O.K ! 
           -. Muy/Mry    =   0.239  --->  O.K ! 
           -. Muz/Mrz    =   0.238  --->  O.K ! 
           -. Mu/Mr      =   0.239  --->  O.K ! 
           -. Ratio      =   0.239  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5815.93 kN. 
           -. Vuz    =         15.50 kN. 
           -. Muy    =        -18.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         46.02 kN. 
           -. Muz    =        -24.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1357.63 kN. 
           -. phiVcz    = phi * Vcz =     1221.86 kN. 
 
           -. Vuy       =       46.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1316.60 kN. 
           -. phiVcy    = phi * Vcy =     1184.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5790.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.95 kN. 
           -. phiVsz   = phi*Vsz =     1964.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2163.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5831.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2163.32 kN. 
           -. phiVsy   = phi*Vsy =     1946.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      48.556 kN. 
           -. Vr       =    3131.924 kN. 
           -. Ratio    = Vu / Vr = 0.016  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       53.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       53.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0092 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0092 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0092 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112133,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5832.66       -18.98       -21.70       -24.06       -34.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5832.66       -18.98       -21.70       -24.06       -34.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       18.98 kN-m. 
           -. End Moments (My2) =       21.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -21.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -21.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       24.06 kN-m. 
           -. End Moments (Mz2) =       34.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -34.34 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -34.34 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        90.800 kN-m. 
           -. Mrz        =       143.673 kN-m. 
           -. Mr         =       169.960 kN-m. 
           -. Pu/Pr      =   0.239  --->  O.K ! 
           -. Muy/Mry    =   0.239  --->  O.K ! 
           -. Muz/Mrz    =   0.239  --->  O.K ! 
           -. Mu/Mr      =   0.239  --->  O.K ! 
           -. Ratio      =   0.239  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5832.66 kN. 
           -. Vuz    =          7.01 kN. 
           -. Muy    =        -21.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         25.98 kN. 
           -. Muz    =        -34.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1360.14 kN. 
           -. phiVcz    = phi * Vcz =     1224.12 kN. 
 
           -. Vuy       =       25.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1319.16 kN. 
           -. phiVcy    = phi * Vcy =     1187.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5788.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.12 kN. 
           -. phiVsz   = phi*Vsz =     1965.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2164.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5829.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2164.57 kN. 
           -. phiVsy   = phi*Vsy =     1948.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      26.912 kN. 
           -. Vr       =    3135.352 kN. 
           -. Ratio    = Vu / Vr = 0.009  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       29.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       29.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0092 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0092 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0092 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112134,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5849.37       -21.70       -22.76       -34.34       -40.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5849.37       -21.70       -22.76       -34.34       -40.85 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       21.70 kN-m. 
           -. End Moments (My2) =       22.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -22.76 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -22.76 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       34.34 kN-m. 
           -. End Moments (Mz2) =       40.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -40.85 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -40.85 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        94.873 kN-m. 
           -. Mrz        =       170.499 kN-m. 
           -. Mr         =       195.118 kN-m. 
           -. Pu/Pr      =   0.240  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.240  --->  O.K ! 
           -. Mu/Mr      =   0.240  --->  O.K ! 
           -. Ratio      =   0.240  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5849.37 kN. 
           -. Vuz    =          3.28 kN. 
           -. Muy    =        -22.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         16.93 kN. 
           -. Muz    =        -40.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1359.15 kN. 
           -. phiVcz    = phi * Vcz =     1223.24 kN. 
 
           -. Vuy       =       16.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1318.15 kN. 
           -. phiVcy    = phi * Vcy =     1186.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5789.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.67 kN. 
           -. phiVsz   = phi*Vsz =     1965.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2164.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5830.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2164.08 kN. 
           -. phiVsy   = phi*Vsy =     1947.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      17.240 kN. 
           -. Vr       =    3134.010 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       19.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       19.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0092 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0092 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0092 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112135,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5866.08       -22.76       -22.77       -40.85       -44.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5866.08       -22.76       -22.77       -40.85       -44.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       22.76 kN-m. 
           -. End Moments (My2) =       22.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -22.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -22.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       40.85 kN-m. 
           -. End Moments (Mz2) =       44.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -44.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -44.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        94.920 kN-m. 
           -. Mrz        =       183.657 kN-m. 
           -. Mr         =       206.736 kN-m. 
           -. Pu/Pr      =   0.240  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.240  --->  O.K ! 
           -. Mu/Mr      =   0.240  --->  O.K ! 
           -. Ratio      =   0.240  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5866.08 kN. 
           -. Vuz    =          1.20 kN. 
           -. Muy    =        -22.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =          9.81 kN. 
           -. Muz    =        -44.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1358.41 kN. 
           -. phiVcz    = phi * Vcz =     1222.57 kN. 
 
           -. Vuy       =        9.81 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1317.40 kN. 
           -. phiVcy    = phi * Vcy =     1185.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5790.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.32 kN. 
           -. phiVsz   = phi*Vsz =     1964.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2163.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5831.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2163.71 kN. 
           -. phiVsy   = phi*Vsy =     1947.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.884 kN. 
           -. Vr       =    3132.996 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0093 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0093 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112136,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5882.78       -22.77       -20.00       -44.17       -40.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5882.78       -22.77       -20.00       -44.17       -40.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       20.00 kN-m. 
           -. End Moments (My2) =       22.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -20.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -20.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       40.50 kN-m. 
           -. End Moments (Mz2) =       44.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -40.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -40.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        83.039 kN-m. 
           -. Mrz        =       167.960 kN-m. 
           -. Mr         =       187.366 kN-m. 
           -. Pu/Pr      =   0.241  --->  O.K ! 
           -. Muy/Mry    =   0.241  --->  O.K ! 
           -. Muz/Mrz    =   0.241  --->  O.K ! 
           -. Mu/Mr      =   0.241  --->  O.K ! 
           -. Ratio      =   0.241  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5882.78 kN. 
           -. Vuz    =          5.78 kN. 
           -. Muy    =        -20.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =          7.67 kN. 
           -. Muz    =        -40.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1357.93 kN. 
           -. phiVcz    = phi * Vcz =     1222.14 kN. 
 
           -. Vuy       =        7.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1316.91 kN. 
           -. phiVcy    = phi * Vcy =     1185.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5790.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.10 kN. 
           -. phiVsz   = phi*Vsz =     1964.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2163.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5831.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2163.47 kN. 
           -. phiVsy   = phi*Vsy =     1947.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.610 kN. 
           -. Vr       =    3132.341 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0093 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0093 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112137,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5899.48       -20.00       -15.49       -40.50       -32.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5899.48       -20.00       -15.49       -40.50       -32.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       15.49 kN-m. 
           -. End Moments (My2) =       20.00 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       32.25 kN-m. 
           -. End Moments (Mz2) =       40.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -32.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -32.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        64.094 kN-m. 
           -. Mrz        =       133.404 kN-m. 
           -. Mr         =       148.002 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.242  --->  O.K ! 
           -. Mu/Mr      =   0.242  --->  O.K ! 
           -. Ratio      =   0.242  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5882.82 kN. 
           -. Vuz    =          9.02 kN. 
           -. Muy    =        -20.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =         16.53 kN. 
           -. Muz    =        -40.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1356.37 kN. 
           -. phiVcz    = phi * Vcz =     1220.74 kN. 
 
           -. Vuy       =       16.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1315.32 kN. 
           -. phiVcy    = phi * Vcy =     1183.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.11 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.37 kN. 
           -. phiVsz   = phi*Vsz =     1964.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.69 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5833.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.69 kN. 
           -. phiVsy   = phi*Vsy =     1946.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      18.830 kN. 
           -. Vr       =    3130.209 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       20.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       20.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0093 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0093 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112138,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5916.16       -15.49       -10.27       -32.25       -21.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5916.16       -15.49       -10.27       -32.25       -21.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       10.27 kN-m. 
           -. End Moments (My2) =       15.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -10.27 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -10.27 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       21.80 kN-m. 
           -. End Moments (Mz2) =       32.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -21.80 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -21.80 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        42.345 kN-m. 
           -. Mrz        =        89.910 kN-m. 
           -. Mr         =        99.383 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.242  --->  O.K ! 
           -. Mu/Mr      =   0.242  --->  O.K ! 
           -. Ratio      =   0.242  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5899.51 kN. 
           -. Vuz    =         10.45 kN. 
           -. Muy    =        -15.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =         20.92 kN. 
           -. Muz    =        -32.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1356.03 kN. 
           -. phiVcz    = phi * Vcz =     1220.43 kN. 
 
           -. Vuy       =       20.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1314.97 kN. 
           -. phiVcy    = phi * Vcy =     1183.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.21 kN. 
           -. phiVsz   = phi*Vsz =     1963.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5833.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.52 kN. 
           -. phiVsy   = phi*Vsy =     1946.27 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      23.383 kN. 
           -. Vr       =    3129.741 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       25.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       25.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0093 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0093 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112139,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5932.84       -10.27        -5.30       -21.80       -11.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5932.84       -10.27        -5.30       -21.80       -11.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.30 kN-m. 
           -. End Moments (My2) =       10.27 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.30 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.30 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       11.43 kN-m. 
           -. End Moments (Mz2) =       21.80 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -11.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -11.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 512 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        21.812 kN-m. 
           -. Mrz        =        47.030 kN-m. 
           -. Mr         =        51.842 kN-m. 
           -. Pu/Pr      =   0.243  --->  O.K ! 
           -. Muy/Mry    =   0.243  --->  O.K ! 
           -. Muz/Mrz    =   0.243  --->  O.K ! 
           -. Mu/Mr      =   0.243  --->  O.K ! 
           -. Ratio      =   0.243  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5932.84 kN. 
           -. Vuz    =          9.92 kN. 
           -. Muy    =         -5.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =         20.73 kN. 
           -. Muz    =        -11.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1356.39 kN. 
           -. phiVcz    = phi * Vcz =     1220.76 kN. 
 
           -. Vuy       =       20.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1315.34 kN. 
           -. phiVcy    = phi * Vcy =     1183.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.09 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.38 kN. 
           -. phiVsz   = phi*Vsz =     1964.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5833.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.70 kN. 
           -. phiVsy   = phi*Vsy =     1946.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      22.981 kN. 
           -. Vr       =    3130.239 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       25.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       25.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0095 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0095 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0095 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112140,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5949.51        -5.30        -1.57       -11.43        -3.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5949.51        -5.30        -1.57       -11.43        -3.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.57 kN-m. 
           -. End Moments (My2) =        5.30 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.42 kN-m. 
           -. End Moments (Mz2) =       11.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         6.416 kN-m. 
           -. Mrz        =        14.029 kN-m. 
           -. Mr         =        15.427 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.244  --->  O.K ! 
           -. Muz/Mrz    =   0.244  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5949.51 kN. 
           -. Vuz    =          7.48 kN. 
           -. Muy    =         -1.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =         16.03 kN. 
           -. Muz    =         -3.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.48 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1356.78 kN. 
           -. phiVcz    = phi * Vcz =     1221.10 kN. 
 
           -. Vuy       =       16.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1315.73 kN. 
           -. phiVcy    = phi * Vcy =     1184.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5791.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.56 kN. 
           -. phiVsz   = phi*Vsz =     1964.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5832.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.89 kN. 
           -. phiVsy   = phi*Vsy =     1946.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      17.685 kN. 
           -. Vr       =    3130.760 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       19.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       19.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0095 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0095 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0095 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112141,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5966.17        -1.57         0.00        -3.42         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5966.17        -1.57         0.00        -3.42         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        1.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        3.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5966.17 kN. 
           -. Vuz    =          3.13 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =          6.84 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1317.80 kN. 
           -. phiVcz    = phi * Vcz =     1186.02 kN. 
 
           -. Vuy       =        6.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1317.80 kN. 
           -. phiVcy    = phi * Vcy =     1186.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2163.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5830.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2163.90 kN. 
           -. phiVsz   = phi*Vsz =     1947.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2163.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5830.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2163.90 kN. 
           -. phiVsy   = phi*Vsy =     1947.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       7.522 kN. 
           -. Vr       =    3133.529 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0096 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0096 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0096 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112202,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2464.70       945.19       947.51      1300.68       574.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2464.70       945.19       947.51      1300.68       574.39 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5244.051 kN. 
           -. Mry        =      2004.804 kN-m. 
           -. Mrz        =      2785.984 kN-m. 
           -. Mr         =      3432.338 kN-m. 
           -. Pu/Pr      =   0.470  --->  O.K ! 
           -. Muy/Mry    =   0.471  --->  O.K ! 
           -. Muz/Mrz    =   0.467  --->  O.K ! 
           -. Mu/Mr      =   0.471  --->  O.K ! 
           -. Ratio      =   0.471  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5476.28 kN. 
           -. Vuz    =        402.58 kN. 
           -. Muy    =       -808.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.12 
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           -. Vuy    =       1522.40 kN. 
           -. Muz    =      -1589.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.02 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      402.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      956.33 kN. 
           -. phiVcz    = phi * Vcz =      860.70 kN. 
 
           -. Vuy       =     1522.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      913.77 kN. 
           -. phiVcy    = phi * Vcy =      822.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1938.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6192.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1938.13 kN. 
           -. phiVsz   = phi*Vsz =     1744.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1903.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6234.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1903.03 kN. 
           -. phiVsy   = phi*Vsy =     1712.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1574.731 kN. 
           -. Vr       =    2535.117 kN. 
           -. Ratio    = Vu / Vr = 0.621  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1749.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1749.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112203,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2453.00       947.51       962.70       574.39         5.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2453.00       947.51       962.70       574.39         5.93 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6568.068 kN. 
           -. Mry        =      2531.887 kN-m. 
           -. Mrz        =      1546.762 kN-m. 
           -. Mr         =      2966.972 kN-m. 
           -. Pu/Pr      =   0.373  --->  O.K ! 
           -. Muy/Mry    =   0.374  --->  O.K ! 
           -. Muz/Mrz    =   0.371  --->  O.K ! 
           -. Mu/Mr      =   0.374  --->  O.K ! 
           -. Ratio      =   0.374  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5509.89 kN. 
           -. Vuz    =        363.42 kN. 
           -. Muy    =       -876.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =       1357.30 kN. 
           -. Muz    =       -230.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      363.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1029.62 kN. 
           -. phiVcz    = phi * Vcz =      926.65 kN. 
 
           -. Vuy       =     1357.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      986.44 kN. 
           -. phiVcy    = phi * Vcy =      887.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1993.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6118.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1993.45 kN. 
           -. phiVsz   = phi*Vsz =     1794.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1961.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6162.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1961.59 kN. 
           -. phiVsy   = phi*Vsy =     1765.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1405.111 kN. 
           -. Vr       =    2653.233 kN. 
           -. Ratio    = Vu / Vr = 0.530  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1561.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1561.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112204,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2429.31       962.70       969.94         5.93       550.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2429.31       962.70       969.94         5.93       550.69 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6506.918 kN. 
           -. Mry        =      2596.160 kN-m. 
           -. Mrz        =      1477.456 kN-m. 
           -. Mr         =      2987.126 kN-m. 
           -. Pu/Pr      =   0.373  --->  O.K ! 
           -. Muy/Mry    =   0.374  --->  O.K ! 
           -. Muz/Mrz    =   0.373  --->  O.K ! 
           -. Mu/Mr      =   0.374  --->  O.K ! 
           -. Ratio      =   0.374  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5526.83 kN. 
           -. Vuz    =        324.58 kN. 
           -. Muy    =       -906.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.32 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 532 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =       1191.50 kN. 
           -. Muz    =       -744.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      324.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.36 kN. 
           -. phiVcz    = phi * Vcz =      945.33 kN. 
 
           -. Vuy       =     1191.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1007.09 kN. 
           -. phiVcy    = phi * Vcy =      906.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2008.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6098.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2008.06 kN. 
           -. phiVsz   = phi*Vsz =     1807.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1977.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6141.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1977.08 kN. 
           -. phiVsy   = phi*Vsy =     1779.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1234.916 kN. 
           -. Vr       =    2685.755 kN. 
           -. Ratio    = Vu / Vr = 0.460  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1372.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1372.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112205,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2417.60       969.94       967.97       550.69      1045.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2417.60       969.94       967.97       550.69      1045.01 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5637.722 kN. 
           -. Mry        =      2248.271 kN-m. 
           -. Mrz        =      2414.723 kN-m. 
           -. Mr         =      3299.335 kN-m. 
           -. Pu/Pr      =   0.429  --->  O.K ! 
           -. Muy/Mry    =   0.431  --->  O.K ! 
           -. Muz/Mrz    =   0.433  --->  O.K ! 
           -. Mu/Mr      =   0.433  --->  O.K ! 
           -. Ratio      =   0.433  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5543.77 kN. 
           -. Vuz    =        286.43 kN. 
           -. Muy    =       -924.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.27 
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           -. Vuy    =       1026.79 kN. 
           -. Muz    =      -1209.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      286.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1026.22 kN. 
           -. phiVcz    = phi * Vcz =      923.60 kN. 
 
           -. Vuy       =     1026.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      983.07 kN. 
           -. phiVcy    = phi * Vcy =      884.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1991.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6122.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1991.02 kN. 
           -. phiVsz   = phi*Vsz =     1791.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1959.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6165.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1959.02 kN. 
           -. phiVsy   = phi*Vsy =     1763.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1065.993 kN. 
           -. Vr       =    2647.880 kN. 
           -. Ratio    = Vu / Vr = 0.403  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1184.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1184.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2405.88       967.97       956.92      1045.01      1463.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2405.88       967.97       956.92      1045.01      1463.46 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4900.648 kN. 
           -. Mry        =      1941.105 kN-m. 
           -. Mrz        =      2978.150 kN-m. 
           -. Mr         =      3554.893 kN-m. 
           -. Pu/Pr      =   0.491  --->  O.K ! 
           -. Muy/Mry    =   0.493  --->  O.K ! 
           -. Muz/Mrz    =   0.491  --->  O.K ! 
           -. Mu/Mr      =   0.493  --->  O.K ! 
           -. Ratio      =   0.493  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5560.70 kN. 
           -. Vuz    =        249.33 kN. 
           -. Muy    =       -931.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.22 
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           -. Vuy    =        865.01 kN. 
           -. Muz    =      -1600.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      249.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1005.06 kN. 
           -. phiVcz    = phi * Vcz =      904.55 kN. 
 
           -. Vuy       =      865.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      962.05 kN. 
           -. phiVcy    = phi * Vcy =      865.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1975.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6143.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1975.58 kN. 
           -. phiVsz   = phi*Vsz =     1778.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1942.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6186.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1942.66 kN. 
           -. phiVsy   = phi*Vsy =     1748.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     900.229 kN. 
           -. Vr       =    2614.236 kN. 
           -. Ratio    = Vu / Vr = 0.344  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1000.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1000.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112207,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2394.15       956.92       940.78      1463.46      1807.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2394.15       956.92       940.78      1463.46      1807.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4381.699 kN. 
           -. Mry        =      1712.655 kN-m. 
           -. Mrz        =      3295.318 kN-m. 
           -. Mr         =      3713.800 kN-m. 
           -. Pu/Pr      =   0.546  --->  O.K ! 
           -. Muy/Mry    =   0.549  --->  O.K ! 
           -. Muz/Mrz    =   0.548  --->  O.K ! 
           -. Mu/Mr      =   0.549  --->  O.K ! 
           -. Ratio      =   0.549  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5577.62 kN. 
           -. Vuz    =        213.70 kN. 
           -. Muy    =       -931.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.19 
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           -. Vuy    =        707.99 kN. 
           -. Muz    =      -1918.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.09 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      213.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      989.34 kN. 
           -. phiVcz    = phi * Vcz =      890.41 kN. 
 
           -. Vuy       =      707.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      946.45 kN. 
           -. phiVcy    = phi * Vcy =      851.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1963.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6159.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1963.80 kN. 
           -. phiVsz   = phi*Vsz =     1767.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1930.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6202.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1930.18 kN. 
           -. phiVsy   = phi*Vsy =     1737.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     739.536 kN. 
           -. Vr       =    2588.972 kN. 
           -. Ratio    = Vu / Vr = 0.286  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      821.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      821.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112208,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2382.42       940.78       924.41      1807.21      2076.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2382.42       940.78       924.41      1807.21      2076.36 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4013.592 kN. 
           -. Mry        =      1562.649 kN-m. 
           -. Mrz        =      3500.100 kN-m. 
           -. Mr         =      3833.089 kN-m. 
           -. Pu/Pr      =   0.594  --->  O.K ! 
           -. Muy/Mry    =   0.592  --->  O.K ! 
           -. Muz/Mrz    =   0.593  --->  O.K ! 
           -. Mu/Mr      =   0.594  --->  O.K ! 
           -. Ratio      =   0.594  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5594.54 kN. 
           -. Vuz    =        179.94 kN. 
           -. Muy    =       -929.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.17 
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           -. Vuy    =        557.53 kN. 
           -. Muz    =      -2163.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.07 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      179.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      979.44 kN. 
           -. phiVcz    = phi * Vcz =      881.49 kN. 
 
           -. Vuy       =      557.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      936.64 kN. 
           -. phiVcy    = phi * Vcy =      842.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1956.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6169.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1956.23 kN. 
           -. phiVsz   = phi*Vsz =     1760.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1922.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6211.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1922.18 kN. 
           -. phiVsy   = phi*Vsy =     1729.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     585.843 kN. 
           -. Vr       =    2572.935 kN. 
           -. Ratio    = Vu / Vr = 0.228  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      650.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      650.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112209,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2370.68       924.41       901.68      2076.36      2275.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2370.68       924.41       901.68      2076.36      2275.00 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3759.496 kN. 
           -. Mry        =      1454.051 kN-m. 
           -. Mrz        =      3630.686 kN-m. 
           -. Mr         =      3911.028 kN-m. 
           -. Pu/Pr      =   0.631  --->  O.K ! 
           -. Muy/Mry    =   0.620  --->  O.K ! 
           -. Muz/Mrz    =   0.627  --->  O.K ! 
           -. Mu/Mr      =   0.631  --->  O.K ! 
           -. Ratio      =   0.631  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5611.44 kN. 
           -. Vuz    =        148.42 kN. 
           -. Muy    =       -918.88 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.16 
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           -. Vuy    =        415.37 kN. 
           -. Muz    =      -2339.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.06 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      148.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      975.26 kN. 
           -. phiVcz    = phi * Vcz =      877.73 kN. 
 
           -. Vuy       =      415.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      932.50 kN. 
           -. phiVcy    = phi * Vcy =      839.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1953.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6173.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1953.00 kN. 
           -. phiVsz   = phi*Vsz =     1757.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1918.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6215.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1918.76 kN. 
           -. phiVsy   = phi*Vsy =     1726.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     441.089 kN. 
           -. Vr       =    2566.133 kN. 
           -. Ratio    = Vu / Vr = 0.172  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      490.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      490.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112210,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2358.93       901.68       871.75      2275.00      2408.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2358.93       901.68       871.75      2275.00      2408.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3660.604 kN. 
           -. Mry        =      1346.283 kN-m. 
           -. Mrz        =      3700.443 kN-m. 
           -. Mr         =      3937.735 kN-m. 
           -. Pu/Pr      =   0.644  --->  O.K ! 
           -. Muy/Mry    =   0.648  --->  O.K ! 
           -. Muz/Mrz    =   0.651  --->  O.K ! 
           -. Mu/Mr      =   0.651  --->  O.K ! 
           -. Ratio      =   0.651  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5628.34 kN. 
           -. Vuz    =        119.70 kN. 
           -. Muy    =       -899.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.16 
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           -. Vuy    =        283.25 kN. 
           -. Muz    =      -2452.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.07 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      119.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      976.24 kN. 
           -. phiVcz    = phi * Vcz =      878.62 kN. 
 
           -. Vuy       =      283.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      933.47 kN. 
           -. phiVcy    = phi * Vcy =      840.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1953.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6172.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1953.76 kN. 
           -. phiVsz   = phi*Vsz =     1758.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1919.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6215.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1919.57 kN. 
           -. phiVsy   = phi*Vsy =     1727.61 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     307.504 kN. 
           -. Vr       =    2567.735 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      341.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      341.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112211,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2347.17       871.75       835.26      2408.09      2481.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2347.17       871.75       835.26      2408.09      2481.35 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3571.020 kN. 
           -. Mry        =      1266.104 kN-m. 
           -. Mrz        =      3756.147 kN-m. 
           -. Mr         =      3963.794 kN-m. 
           -. Pu/Pr      =   0.657  --->  O.K ! 
           -. Muy/Mry    =   0.660  --->  O.K ! 
           -. Muz/Mrz    =   0.661  --->  O.K ! 
           -. Mu/Mr      =   0.661  --->  O.K ! 
           -. Ratio      =   0.661  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5645.23 kN. 
           -. Vuz    =        109.13 kN. 
           -. Muy    =       -870.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.17 
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           -. Vuy    =        162.53 kN. 
           -. Muz    =      -2507.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.12 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      109.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      981.02 kN. 
           -. phiVcz    = phi * Vcz =      882.91 kN. 
 
           -. Vuy       =      162.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      938.20 kN. 
           -. phiVcy    = phi * Vcy =      844.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1957.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6167.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1957.44 kN. 
           -. phiVsz   = phi*Vsz =     1761.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1923.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6210.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1923.46 kN. 
           -. phiVsy   = phi*Vsy =     1731.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     195.771 kN. 
           -. Vr       =    2575.496 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      217.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      217.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112212,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2335.41       835.26       793.19      2481.35      2501.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2335.41       835.26       793.19      2481.35      2501.49 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3528.467 kN. 
           -. Mry        =      1200.975 kN-m. 
           -. Mrz        =      3790.925 kN-m. 
           -. Mr         =      3976.614 kN-m. 
           -. Pu/Pr      =   0.662  --->  O.K ! 
           -. Muy/Mry    =   0.660  --->  O.K ! 
           -. Muz/Mrz    =   0.660  --->  O.K ! 
           -. Mu/Mr      =   0.662  --->  O.K ! 
           -. Ratio      =   0.662  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5645.46 kN. 
           -. Vuz    =        118.79 kN. 
           -. Muy    =       -870.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =         55.35 kN. 
           -. Muz    =      -2507.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.09 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      118.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      986.75 kN. 
           -. phiVcz    = phi * Vcz =      888.07 kN. 
 
           -. Vuy       =       55.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      943.88 kN. 
           -. phiVcy    = phi * Vcy =      849.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1961.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6161.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1961.83 kN. 
           -. phiVsz   = phi*Vsz =     1765.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1928.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6204.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1928.10 kN. 
           -. phiVsy   = phi*Vsy =     1735.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     131.053 kN. 
           -. Vr       =    2584.784 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 565 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      145.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      145.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112213,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2335.63       793.19       747.03      2501.49      2475.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2335.63       793.19       747.03      2501.49      2475.07 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3528.467 kN. 
           -. Mry        =      1200.975 kN-m. 
           -. Mrz        =      3790.925 kN-m. 
           -. Mr         =      3976.614 kN-m. 
           -. Pu/Pr      =   0.662  --->  O.K ! 
           -. Muy/Mry    =   0.660  --->  O.K ! 
           -. Muz/Mrz    =   0.660  --->  O.K ! 
           -. Mu/Mr      =   0.662  --->  O.K ! 
           -. Ratio      =   0.662  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3948.30 kN. 
           -. Vuz    =        159.38 kN. 
           -. Muy    =      -1824.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.49 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         50.27 kN. 
           -. Muz    =      -1188.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.40 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      159.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1125.56 kN. 
           -. phiVcz    = phi * Vcz =     1013.01 kN. 
 
           -. Vuy       =       50.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1082.19 kN. 
           -. phiVcy    = phi * Vcy =      973.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2057.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6022.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2057.58 kN. 
           -. phiVsz   = phi*Vsz =     1851.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2029.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6066.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2029.65 kN. 
           -. phiVsy   = phi*Vsy =     1826.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     167.119 kN. 
           -. Vr       =    2800.659 kN. 
           -. Ratio    = Vu / Vr = 0.060  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      185.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      185.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112214,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2323.85       747.03       695.37      2475.07      2396.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2323.85       747.03       695.37      2475.07      2396.70 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3572.527 kN. 
           -. Mry        =      1142.122 kN-m. 
           -. Mrz        =      3795.582 kN-m. 
           -. Mr         =      3963.696 kN-m. 
           -. Pu/Pr      =   0.650  --->  O.K ! 
           -. Muy/Mry    =   0.654  --->  O.K ! 
           -. Muz/Mrz    =   0.652  --->  O.K ! 
           -. Mu/Mr      =   0.654  --->  O.K ! 
           -. Ratio      =   0.654  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5679.20 kN. 
           -. Vuz    =        134.95 kN. 
           -. Muy    =       -794.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        185.12 kN. 
           -. Muz    =      -2470.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      134.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      982.64 kN. 
           -. phiVcz    = phi * Vcz =      884.37 kN. 
 
           -. Vuy       =      185.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      939.81 kN. 
           -. phiVcy    = phi * Vcy =      845.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1958.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6165.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1958.69 kN. 
           -. phiVsz   = phi*Vsz =     1762.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1924.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6208.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1924.78 kN. 
           -. phiVsy   = phi*Vsy =     1732.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     229.089 kN. 
           -. Vr       =    2578.129 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      254.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      254.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112215,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2312.06       695.37       637.69      2396.70      2264.64 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2312.06       695.37       637.69      2396.70      2264.64 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3660.132 kN. 
           -. Mry        =      1091.493 kN-m. 
           -. Mrz        =      3783.485 kN-m. 
           -. Mr         =      3937.781 kN-m. 
           -. Pu/Pr      =   0.632  --->  O.K ! 
           -. Muy/Mry    =   0.637  --->  O.K ! 
           -. Muz/Mrz    =   0.633  --->  O.K ! 
           -. Mu/Mr      =   0.637  --->  O.K ! 
           -. Ratio      =   0.637  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5696.07 kN. 
           -. Vuz    =        141.70 kN. 
           -. Muy    =       -745.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        285.12 kN. 
           -. Muz    =      -2380.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      984.30 kN. 
           -. phiVcz    = phi * Vcz =      885.87 kN. 
 
           -. Vuy       =      285.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      941.45 kN. 
           -. phiVcy    = phi * Vcy =      847.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1959.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6164.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1959.96 kN. 
           -. phiVsz   = phi*Vsz =     1763.96 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1926.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6207.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1926.12 kN. 
           -. phiVsy   = phi*Vsy =     1733.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     318.393 kN. 
           -. Vr       =    2580.816 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      353.77 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      353.77 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112216,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2300.26       637.69       576.00      2264.64      2092.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2300.26       637.69       576.00      2264.64      2092.44 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3834.584 kN. 
           -. Mry        =      1043.584 kN-m. 
           -. Mrz        =      3742.740 kN-m. 
           -. Mr         =      3885.508 kN-m. 
           -. Pu/Pr      =   0.600  --->  O.K ! 
           -. Muy/Mry    =   0.611  --->  O.K ! 
           -. Muz/Mrz    =   0.605  --->  O.K ! 
           -. Mu/Mr      =   0.611  --->  O.K ! 
           -. Ratio      =   0.611  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5712.92 kN. 
           -. Vuz    =        147.55 kN. 
           -. Muy    =       -688.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        358.96 kN. 
           -. Muz    =      -2239.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      147.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      992.99 kN. 
           -. phiVcz    = phi * Vcz =      893.69 kN. 
 
           -. Vuy       =      358.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      950.07 kN. 
           -. phiVcy    = phi * Vcy =      855.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1966.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6155.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1966.56 kN. 
           -. phiVsz   = phi*Vsz =     1769.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1933.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6198.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1933.10 kN. 
           -. phiVsy   = phi*Vsy =     1739.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     388.101 kN. 
           -. Vr       =    2594.855 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      431.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      431.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112217,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2288.46       576.00       512.36      2092.44      1893.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2288.46       576.00       512.36      2092.44      1893.75 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4011.229 kN. 
           -. Mry        =      1003.360 kN-m. 
           -. Mrz        =      3698.755 kN-m. 
           -. Mr         =      3832.430 kN-m. 
           -. Pu/Pr      =   0.571  --->  O.K ! 
           -. Muy/Mry    =   0.574  --->  O.K ! 
           -. Muz/Mrz    =   0.566  --->  O.K ! 
           -. Mu/Mr      =   0.574  --->  O.K ! 
           -. Ratio      =   0.574  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5729.76 kN. 
           -. Vuz    =        150.00 kN. 
           -. Muy    =       -625.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        407.98 kN. 
           -. Muz    =      -2060.99 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.14 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      150.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1007.99 kN. 
           -. phiVcz    = phi * Vcz =      907.19 kN. 
 
           -. Vuy       =      407.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      964.95 kN. 
           -. phiVcy    = phi * Vcy =      868.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1977.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6140.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1977.75 kN. 
           -. phiVsz   = phi*Vsz =     1779.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1944.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6183.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1944.95 kN. 
           -. phiVsy   = phi*Vsy =     1750.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     434.681 kN. 
           -. Vr       =    2618.912 kN. 
           -. Ratio    = Vu / Vr = 0.166  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      482.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      482.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112218,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2276.65       512.36       448.66      1893.75      1679.37 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2276.65       512.36       448.66      1893.75      1679.37 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4319.511 kN. 
           -. Mry        =       969.680 kN-m. 
           -. Mrz        =      3609.644 kN-m. 
           -. Mr         =      3737.621 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.528  --->  O.K ! 
           -. Muz/Mrz    =   0.525  --->  O.K ! 
           -. Mu/Mr      =   0.528  --->  O.K ! 
           -. Ratio      =   0.528  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5746.60 kN. 
           -. Vuz    =        148.72 kN. 
           -. Muy    =       -560.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        434.50 kN. 
           -. Muz    =      -1858.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      148.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1028.25 kN. 
           -. phiVcz    = phi * Vcz =      925.43 kN. 
 
           -. Vuy       =      434.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      985.09 kN. 
           -. phiVcy    = phi * Vcy =      886.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1992.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6120.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1992.48 kN. 
           -. phiVsz   = phi*Vsz =     1793.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1960.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6163.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1960.56 kN. 
           -. phiVsy   = phi*Vsy =     1764.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     459.247 kN. 
           -. Vr       =    2651.085 kN. 
           -. Ratio    = Vu / Vr = 0.173  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      510.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      510.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112219,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2264.84       448.66       386.64      1679.37      1459.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2264.84       448.66       386.64      1679.37      1459.51 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4731.858 kN. 
           -. Mry        =       934.091 kN-m. 
           -. Mrz        =      3479.111 kN-m. 
           -. Mr         =      3602.324 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.480  --->  O.K ! 
           -. Muz/Mrz    =   0.483  --->  O.K ! 
           -. Mu/Mr      =   0.483  --->  O.K ! 
           -. Ratio      =   0.483  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5763.43 kN. 
           -. Vuz    =        143.95 kN. 
           -. Muy    =       -493.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =        441.22 kN. 
           -. Muz    =      -1642.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      143.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1052.93 kN. 
           -. phiVcz    = phi * Vcz =      947.63 kN. 
 
           -. Vuy       =      441.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1009.64 kN. 
           -. phiVcy    = phi * Vcy =      908.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2009.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6095.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2009.84 kN. 
           -. phiVsz   = phi*Vsz =     1808.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1978.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6138.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1978.97 kN. 
           -. phiVsy   = phi*Vsy =     1781.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     464.107 kN. 
           -. Vr       =    2689.746 kN. 
           -. Ratio    = Vu / Vr = 0.173  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      515.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      515.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112220,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2253.01       386.64       327.86      1459.51      1243.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2253.01       386.64       327.86      1459.51      1243.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5160.979 kN. 
           -. Mry        =       901.350 kN-m. 
           -. Mrz        =      3341.444 kN-m. 
           -. Mr         =      3460.878 kN-m. 
           -. Pu/Pr      =   0.437  --->  O.K ! 
           -. Muy/Mry    =   0.429  --->  O.K ! 
           -. Muz/Mrz    =   0.437  --->  O.K ! 
           -. Mu/Mr      =   0.437  --->  O.K ! 
           -. Ratio      =   0.437  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5780.26 kN. 
           -. Vuz    =        136.09 kN. 
           -. Muy    =       -427.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.39 
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           -. Vuy    =        431.16 kN. 
           -. Muz    =      -1422.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      136.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1081.03 kN. 
           -. phiVcz    = phi * Vcz =      972.93 kN. 
 
           -. Vuy       =      431.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1037.67 kN. 
           -. phiVcy    = phi * Vcy =      933.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2028.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6067.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2028.89 kN. 
           -. phiVsz   = phi*Vsz =     1826.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1999.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6110.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1999.18 kN. 
           -. phiVsy   = phi*Vsy =     1799.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     452.126 kN. 
           -. Vr       =    2733.158 kN. 
           -. Ratio    = Vu / Vr = 0.165  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      502.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      502.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112221,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2241.18       327.86       273.58      1243.29      1038.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2241.18       327.86       273.58      1243.29      1038.15 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5711.953 kN. 
           -. Mry        =       839.308 kN-m. 
           -. Mrz        =      3162.402 kN-m. 
           -. Mr         =      3271.884 kN-m. 
           -. Pu/Pr      =   0.392  --->  O.K ! 
           -. Muy/Mry    =   0.391  --->  O.K ! 
           -. Muz/Mrz    =   0.393  --->  O.K ! 
           -. Mu/Mr      =   0.393  --->  O.K ! 
           -. Ratio      =   0.393  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5797.07 kN. 
           -. Vuz    =        125.59 kN. 
           -. Muy    =       -363.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.46 
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           -. Vuy    =        407.06 kN. 
           -. Muz    =      -1207.38 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.36 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      125.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1111.56 kN. 
           -. phiVcz    = phi * Vcz =     1000.40 kN. 
 
           -. Vuy       =      407.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1068.17 kN. 
           -. phiVcy    = phi * Vcy =      961.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2048.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6036.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2048.74 kN. 
           -. phiVsz   = phi*Vsz =     1843.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2020.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6080.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2020.26 kN. 
           -. phiVsy   = phi*Vsy =     1818.24 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     425.992 kN. 
           -. Vr       =    2779.590 kN. 
           -. Ratio    = Vu / Vr = 0.153  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      473.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      473.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112222,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2229.34       273.58       224.76      1038.15       849.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2229.34       273.58       224.76      1038.15       849.83 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6367.400 kN. 
           -. Mry        =       765.885 kN-m. 
           -. Mrz        =      2941.681 kN-m. 
           -. Mr         =      3039.748 kN-m. 
           -. Pu/Pr      =   0.350  --->  O.K ! 
           -. Muy/Mry    =   0.357  --->  O.K ! 
           -. Muz/Mrz    =   0.353  --->  O.K ! 
           -. Mu/Mr      =   0.357  --->  O.K ! 
           -. Ratio      =   0.357  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5813.88 kN. 
           -. Vuz    =        112.94 kN. 
           -. Muy    =       -305.07 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.53 
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           -. Vuy    =        371.61 kN. 
           -. Muz    =      -1004.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1143.46 kN. 
           -. phiVcz    = phi * Vcz =     1029.11 kN. 
 
           -. Vuy       =      371.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1100.12 kN. 
           -. phiVcy    = phi * Vcy =      990.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2068.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6005.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2068.63 kN. 
           -. phiVsz   = phi*Vsz =     1861.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2041.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6048.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2041.40 kN. 
           -. phiVsy   = phi*Vsy =     1837.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     388.393 kN. 
           -. Vr       =    2827.370 kN. 
           -. Ratio    = Vu / Vr = 0.137  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 605 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      431.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      431.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0053 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112223,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2217.49       224.76       182.11       849.83       682.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2217.49       224.76       182.11       849.83       682.95 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7049.193 kN. 
           -. Mry        =       707.513 kN-m. 
           -. Mrz        =      2702.529 kN-m. 
           -. Mr         =      2793.607 kN-m. 
           -. Pu/Pr      =   0.315  --->  O.K ! 
           -. Muy/Mry    =   0.318  --->  O.K ! 
           -. Muz/Mrz    =   0.314  --->  O.K ! 
           -. Mu/Mr      =   0.318  --->  O.K ! 
           -. Ratio      =   0.318  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5830.68 kN. 
           -. Vuz    =         98.66 kN. 
           -. Muy    =       -251.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
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           -. Vuy    =        327.68 kN. 
           -. Muz    =       -818.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       98.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1175.64 kN. 
           -. phiVcz    = phi * Vcz =     1058.08 kN. 
 
           -. Vuy       =      327.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1132.43 kN. 
           -. phiVcy    = phi * Vcy =     1019.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2087.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5972.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2087.85 kN. 
           -. phiVsz   = phi*Vsz =     1879.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2061.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6016.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2061.85 kN. 
           -. phiVsy   = phi*Vsy =     1855.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     342.216 kN. 
           -. Vr       =    2874.854 kN. 
           -. Ratio    = Vu / Vr = 0.119  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      380.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      380.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0060 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0060 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0060 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112224,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2205.63       182.11       146.07       682.95       540.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2205.63       182.11       146.07       682.95       540.88 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7815.871 kN. 
           -. Mry        =       660.595 kN-m. 
           -. Mrz        =      2419.882 kN-m. 
           -. Mr         =      2508.429 kN-m. 
           -. Pu/Pr      =   0.282  --->  O.K ! 
           -. Muy/Mry    =   0.276  --->  O.K ! 
           -. Muz/Mrz    =   0.282  --->  O.K ! 
           -. Mu/Mr      =   0.282  --->  O.K ! 
           -. Ratio      =   0.282  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5847.47 kN. 
           -. Vuz    =         83.28 kN. 
           -. Muy    =       -204.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =        277.61 kN. 
           -. Muz    =       -655.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.58 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       83.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1206.99 kN. 
           -. phiVcz    = phi * Vcz =     1086.29 kN. 
 
           -. Vuy       =      277.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1163.98 kN. 
           -. phiVcy    = phi * Vcy =     1047.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2105.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5941.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2105.81 kN. 
           -. phiVsz   = phi*Vsz =     1895.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2080.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5984.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2080.98 kN. 
           -. phiVsy   = phi*Vsy =     1872.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     289.831 kN. 
           -. Vr       =    2920.461 kN. 
           -. Ratio    = Vu / Vr = 0.099  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      322.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      322.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0067 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0067 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0067 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112225,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2193.77       146.07       114.85       540.88       417.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2193.77       146.07       114.85       540.88       417.08 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -8613.959 kN. 
           -. Mry        =       570.412 kN-m. 
           -. Mrz        =      2115.726 kN-m. 
           -. Mr         =      2191.271 kN-m. 
           -. Pu/Pr      =   0.255  --->  O.K ! 
           -. Muy/Mry    =   0.256  --->  O.K ! 
           -. Muz/Mrz    =   0.256  --->  O.K ! 
           -. Mu/Mr      =   0.256  --->  O.K ! 
           -. Ratio      =   0.256  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5864.26 kN. 
           -. Vuz    =         72.42 kN. 
           -. Muy    =       -165.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
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           -. Vuy    =        241.05 kN. 
           -. Muz    =       -516.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1233.85 kN. 
           -. phiVcz    = phi * Vcz =     1110.47 kN. 
 
           -. Vuy       =      241.05 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1191.07 kN. 
           -. phiVcy    = phi * Vcy =     1071.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2120.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5914.64 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2120.63 kN. 
           -. phiVsz   = phi*Vsz =     1908.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2096.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5957.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2096.78 kN. 
           -. phiVsy   = phi*Vsy =     1887.10 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     251.694 kN. 
           -. Vr       =    2959.061 kN. 
           -. Ratio    = Vu / Vr = 0.085  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      279.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      279.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0072 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0072 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0072 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112226,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5897.69      -130.31      -100.35      -395.85      -292.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5897.69      -130.31      -100.35      -395.85      -292.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      100.35 kN-m. 
           -. End Moments (My2) =      130.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -100.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -100.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      292.03 kN-m. 
           -. End Moments (Mz2) =      395.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -292.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -292.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       415.041 kN-m. 
           -. Mrz        =      1208.489 kN-m. 
           -. Mr         =      1277.773 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.242  --->  O.K ! 
           -. Mu/Mr      =   0.242  --->  O.K ! 
           -. Ratio      =   0.242  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5881.03 kN. 
           -. Vuz    =         62.65 kN. 
           -. Muy    =       -130.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.79 
 
           -. Vuy    =        207.65 kN. 
           -. Muz    =       -395.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       62.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1258.25 kN. 
           -. phiVcz    = phi * Vcz =     1132.43 kN. 
 
           -. Vuy       =      207.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1215.72 kN. 
           -. phiVcy    = phi * Vcy =     1094.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2133.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5890.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2133.67 kN. 
           -. phiVsz   = phi*Vsz =     1920.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2110.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5932.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2110.68 kN. 
           -. phiVsy   = phi*Vsy =     1899.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     216.898 kN. 
           -. Vr       =    2993.768 kN. 
           -. Ratio    = Vu / Vr = 0.072  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      241.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      241.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0077 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0077 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0077 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 622 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112227,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5914.46      -100.35       -75.05      -292.03      -204.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5914.46      -100.35       -75.05      -292.03      -204.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       75.05 kN-m. 
           -. End Moments (My2) =      100.35 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -75.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -75.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      204.62 kN-m. 
           -. End Moments (Mz2) =      292.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -204.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -204.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       309.639 kN-m. 
           -. Mrz        =       844.316 kN-m. 
           -. Mr         =       899.303 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.242  --->  O.K ! 
           -. Mu/Mr      =   0.242  --->  O.K ! 
           -. Ratio      =   0.242  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5897.80 kN. 
           -. Vuz    =         53.15 kN. 
           -. Muy    =       -100.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.83 
 
           -. Vuy    =        174.83 kN. 
           -. Muz    =       -292.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       53.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1280.51 kN. 
           -. phiVcz    = phi * Vcz =     1152.46 kN. 
 
           -. Vuy       =      174.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1238.26 kN. 
           -. phiVcy    = phi * Vcy =     1114.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5867.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.23 kN. 
           -. phiVsz   = phi*Vsz =     1930.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5910.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.02 kN. 
           -. phiVsy   = phi*Vsy =     1910.72 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     182.732 kN. 
           -. Vr       =    3025.145 kN. 
           -. Ratio    = Vu / Vr = 0.060  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      203.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      203.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0082 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0082 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0082 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112228,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5931.22       -75.05       -54.21      -204.62      -132.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5931.22       -75.05       -54.21      -204.62      -132.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       54.21 kN-m. 
           -. End Moments (My2) =       75.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -54.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -54.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      132.94 kN-m. 
           -. End Moments (Mz2) =      204.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -132.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -132.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       223.636 kN-m. 
           -. Mrz        =       546.757 kN-m. 
           -. Mr         =       590.726 kN-m. 
           -. Pu/Pr      =   0.243  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.243  --->  O.K ! 
           -. Mu/Mr      =   0.243  --->  O.K ! 
           -. Ratio      =   0.243  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5914.57 kN. 
           -. Vuz    =         44.09 kN. 
           -. Muy    =        -75.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.12 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        143.37 kN. 
           -. Muz    =       -204.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       44.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1300.28 kN. 
           -. phiVcz    = phi * Vcz =     1170.25 kN. 
 
           -. Vuy       =      143.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1258.29 kN. 
           -. phiVcy    = phi * Vcy =     1132.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2155.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5848.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2155.23 kN. 
           -. phiVsz   = phi*Vsz =     1939.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2133.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5890.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2133.70 kN. 
           -. phiVsy   = phi*Vsy =     1920.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     149.996 kN. 
           -. Vr       =    3052.787 kN. 
           -. Ratio    = Vu / Vr = 0.049  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      166.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      166.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0085 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0085 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0085 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5947.98       -54.21       -37.54      -132.94       -76.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5947.98       -54.21       -37.54      -132.94       -76.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       37.54 kN-m. 
           -. End Moments (My2) =       54.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -37.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -37.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       76.03 kN-m. 
           -. End Moments (Mz2) =      132.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -76.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -76.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       154.183 kN-m. 
           -. Mrz        =       311.885 kN-m. 
           -. Mr         =       347.914 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.243  --->  O.K ! 
           -. Muz/Mrz    =   0.244  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5931.32 kN. 
           -. Vuz    =         35.64 kN. 
           -. Muy    =        -54.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =        113.86 kN. 
           -. Muz    =       -132.94 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       35.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1317.29 kN. 
           -. phiVcz    = phi * Vcz =     1185.56 kN. 
 
           -. Vuy       =      113.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1275.57 kN. 
           -. phiVcy    = phi * Vcy =     1148.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2163.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5831.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2163.66 kN. 
           -. phiVsz   = phi*Vsz =     1947.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2142.69 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5872.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2142.69 kN. 
           -. phiVsy   = phi*Vsy =     1928.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     119.313 kN. 
           -. Vr       =    3076.431 kN. 
           -. Ratio    = Vu / Vr = 0.039  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      132.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      132.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0089 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0089 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0089 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5964.72       -37.54       -25.92       -76.03       -32.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5964.72       -37.54       -25.92       -76.03       -32.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       25.92 kN-m. 
           -. End Moments (My2) =       37.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -25.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -25.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       32.72 kN-m. 
           -. End Moments (Mz2) =       76.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -32.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -32.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       105.962 kN-m. 
           -. Mrz        =       133.930 kN-m. 
           -. Mr         =       170.779 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.245  --->  O.K ! 
           -. Muz/Mrz    =   0.244  --->  O.K ! 
           -. Mu/Mr      =   0.245  --->  O.K ! 
           -. Ratio      =   0.245  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5964.72 kN. 
           -. Vuz    =         27.92 kN. 
           -. Muy    =        -25.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =         86.76 kN. 
           -. Muz    =        -32.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       27.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1331.20 kN. 
           -. phiVcz    = phi * Vcz =     1198.08 kN. 
 
           -. Vuy       =       86.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1289.70 kN. 
           -. phiVcy    = phi * Vcy =     1160.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5817.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.41 kN. 
           -. phiVsz   = phi*Vsz =     1953.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2149.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5858.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2149.91 kN. 
           -. phiVsy   = phi*Vsy =     1934.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      91.138 kN. 
           -. Vr       =    3095.645 kN. 
           -. Ratio    = Vu / Vr = 0.029  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      101.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      101.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0093 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0093 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112231,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5981.46       -25.92       -24.91       -32.72        -1.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5981.46       -25.92       -24.91       -32.72        -1.96 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       24.91 kN-m. 
           -. End Moments (My2) =       25.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -24.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -24.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.96 kN-m. 
           -. End Moments (Mz2) =       32.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.96 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.96 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       101.607 kN-m. 
           -. Mrz        =         8.113 kN-m. 
           -. Mr         =       101.930 kN-m. 
           -. Pu/Pr      =   0.245  --->  O.K ! 
           -. Muy/Mry    =   0.245  --->  O.K ! 
           -. Muz/Mrz    =   0.241  --->  O.K ! 
           -. Mu/Mr      =   0.245  --->  O.K ! 
           -. Ratio      =   0.245  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5981.46 kN. 
           -. Vuz    =         21.01 kN. 
           -. Muy    =        -24.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =         62.34 kN. 
           -. Muz    =         -1.96 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       21.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1338.11 kN. 
           -. phiVcz    = phi * Vcz =     1204.30 kN. 
 
           -. Vuy       =       62.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1296.72 kN. 
           -. phiVcy    = phi * Vcy =     1167.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2173.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5810.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2173.73 kN. 
           -. phiVsz   = phi*Vsz =     1956.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2153.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5851.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2153.45 kN. 
           -. phiVsy   = phi*Vsy =     1938.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      65.790 kN. 
           -. Vr       =    3105.162 kN. 
           -. Ratio    = Vu / Vr = 0.021  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       73.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       73.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0094 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0094 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0094 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112232,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5998.19       -24.91       -23.47        -1.96       -16.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5998.19       -24.91       -23.47        -1.96       -16.81 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       23.47 kN-m. 
           -. End Moments (My2) =       24.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -23.47 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -23.47 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.96 kN-m. 
           -. End Moments (Mz2) =       16.81 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -16.81 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -16.81 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        95.518 kN-m. 
           -. Mrz        =        68.389 kN-m. 
           -. Mr         =       117.477 kN-m. 
           -. Pu/Pr      =   0.246  --->  O.K ! 
           -. Muy/Mry    =   0.246  --->  O.K ! 
           -. Muz/Mrz    =   0.246  --->  O.K ! 
           -. Mu/Mr      =   0.246  --->  O.K ! 
           -. Ratio      =   0.246  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5998.19 kN. 
           -. Vuz    =         14.99 kN. 
           -. Muy    =        -23.47 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =         40.82 kN. 
           -. Muz    =        -16.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1344.08 kN. 
           -. phiVcz    = phi * Vcz =     1209.67 kN. 
 
           -. Vuy       =       40.82 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1302.80 kN. 
           -. phiVcy    = phi * Vcy =     1172.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2176.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5804.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2176.57 kN. 
           -. phiVsz   = phi*Vsz =     1958.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2156.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5845.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2156.50 kN. 
           -. phiVsy   = phi*Vsy =     1940.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      43.488 kN. 
           -. Vr       =    3113.370 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       48.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       48.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0095 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0095 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0095 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 646 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112233,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6014.92       -23.47       -21.21       -16.81       -28.48 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6014.92       -23.47       -21.21       -16.81       -28.48 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       21.21 kN-m. 
           -. End Moments (My2) =       23.47 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -21.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -21.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       16.81 kN-m. 
           -. End Moments (Mz2) =       28.48 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -28.48 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -28.48 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        86.206 kN-m. 
           -. Mrz        =       115.458 kN-m. 
           -. Mr         =       144.090 kN-m. 
           -. Pu/Pr      =   0.246  --->  O.K ! 
           -. Muy/Mry    =   0.246  --->  O.K ! 
           -. Muz/Mrz    =   0.247  --->  O.K ! 
           -. Mu/Mr      =   0.247  --->  O.K ! 
           -. Ratio      =   0.247  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6014.92 kN. 
           -. Vuz    =          9.90 kN. 
           -. Muy    =        -21.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =         22.31 kN. 
           -. Muz    =        -28.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.89 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1346.25 kN. 
           -. phiVcz    = phi * Vcz =     1211.63 kN. 
 
           -. Vuy       =       22.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1305.02 kN. 
           -. phiVcy    = phi * Vcy =     1174.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2177.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5802.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2177.60 kN. 
           -. phiVsz   = phi*Vsz =     1959.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2157.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5843.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2157.60 kN. 
           -. phiVsy   = phi*Vsy =     1941.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      24.408 kN. 
           -. Vr       =    3116.352 kN. 
           -. Ratio    = Vu / Vr = 0.008  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       27.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       27.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0095 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0095 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0095 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112234,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6031.64       -21.21       -18.75       -28.48       -36.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6031.64       -21.21       -18.75       -28.48       -36.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       18.75 kN-m. 
           -. End Moments (My2) =       21.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -18.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -18.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       28.48 kN-m. 
           -. End Moments (Mz2) =       36.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -36.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -36.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        76.023 kN-m. 
           -. Mrz        =       145.802 kN-m. 
           -. Mr         =       164.432 kN-m. 
           -. Pu/Pr      =   0.247  --->  O.K ! 
           -. Muy/Mry    =   0.247  --->  O.K ! 
           -. Muz/Mrz    =   0.247  --->  O.K ! 
           -. Mu/Mr      =   0.247  --->  O.K ! 
           -. Ratio      =   0.247  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6031.64 kN. 
           -. Vuz    =          7.65 kN. 
           -. Muy    =        -18.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =         13.94 kN. 
           -. Muz    =        -36.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.89 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1345.29 kN. 
           -. phiVcz    = phi * Vcz =     1210.76 kN. 
 
           -. Vuy       =       13.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1304.04 kN. 
           -. phiVcy    = phi * Vcy =     1173.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2177.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5803.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2177.15 kN. 
           -. phiVsz   = phi*Vsz =     1959.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2157.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5844.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2157.11 kN. 
           -. phiVsy   = phi*Vsy =     1941.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.903 kN. 
           -. Vr       =    3115.034 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0096 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0096 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0096 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112235,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6048.34       -18.75       -16.41       -36.06       -40.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6048.34       -18.75       -16.41       -36.06       -40.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       16.41 kN-m. 
           -. End Moments (My2) =       18.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -16.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -16.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       36.06 kN-m. 
           -. End Moments (Mz2) =       40.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -40.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -40.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        66.383 kN-m. 
           -. Mrz        =       162.407 kN-m. 
           -. Mr         =       175.450 kN-m. 
           -. Pu/Pr      =   0.248  --->  O.K ! 
           -. Muy/Mry    =   0.247  --->  O.K ! 
           -. Muz/Mrz    =   0.248  --->  O.K ! 
           -. Mu/Mr      =   0.248  --->  O.K ! 
           -. Ratio      =   0.248  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6048.34 kN. 
           -. Vuz    =          6.32 kN. 
           -. Muy    =        -16.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =          7.38 kN. 
           -. Muz    =        -40.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        6.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1344.39 kN. 
           -. phiVcz    = phi * Vcz =     1209.95 kN. 
 
           -. Vuy       =        7.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1303.12 kN. 
           -. phiVcy    = phi * Vcy =     1172.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2176.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5804.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2176.72 kN. 
           -. phiVsz   = phi*Vsz =     1959.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2156.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5845.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2156.65 kN. 
           -. phiVsy   = phi*Vsy =     1940.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.717 kN. 
           -. Vr       =    3113.792 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0096 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0096 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0096 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112236,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6065.05       -16.41       -13.38       -40.27       -37.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6065.05       -16.41       -13.38       -40.27       -37.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.38 kN-m. 
           -. End Moments (My2) =       16.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       37.50 kN-m. 
           -. End Moments (Mz2) =       40.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -37.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -37.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        53.803 kN-m. 
           -. Mrz        =       150.895 kN-m. 
           -. Mr         =       160.200 kN-m. 
           -. Pu/Pr      =   0.249  --->  O.K ! 
           -. Muy/Mry    =   0.249  --->  O.K ! 
           -. Muz/Mrz    =   0.248  --->  O.K ! 
           -. Mu/Mr      =   0.249  --->  O.K ! 
           -. Ratio      =   0.249  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4349.73 kN. 
           -. Vuz    =          9.58 kN. 
           -. Muy    =        -28.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =          2.31 kN. 
           -. Muz    =        -17.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 661 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1503.88 kN. 
           -. phiVcz    = phi * Vcz =     1353.49 kN. 
 
           -. Vuy       =        2.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1466.42 kN. 
           -. phiVcy    = phi * Vcy =     1319.78 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2245.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5644.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2245.92 kN. 
           -. phiVsz   = phi*Vsz =     2021.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2230.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5682.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2230.76 kN. 
           -. phiVsy   = phi*Vsy =     2007.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       9.853 kN. 
           -. Vr       =    3327.460 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0069 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0069 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0069 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112237,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6081.74       -13.38        -9.92       -37.50       -30.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6081.74       -13.38        -9.92       -37.50       -30.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        9.92 kN-m. 
           -. End Moments (My2) =       13.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -9.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -9.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       30.14 kN-m. 
           -. End Moments (Mz2) =       37.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -30.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -30.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        39.797 kN-m. 
           -. Mrz        =       120.939 kN-m. 
           -. Mr         =       127.319 kN-m. 
           -. Pu/Pr      =   0.249  --->  O.K ! 
           -. Muy/Mry    =   0.249  --->  O.K ! 
           -. Muz/Mrz    =   0.249  --->  O.K ! 
           -. Mu/Mr      =   0.249  --->  O.K ! 
           -. Ratio      =   0.249  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6065.08 kN. 
           -. Vuz    =          7.18 kN. 
           -. Muy    =        -13.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =         14.72 kN. 
           -. Muz    =        -37.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.18 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.60 kN. 
           -. phiVcz    = phi * Vcz =     1208.34 kN. 
 
           -. Vuy       =       14.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1301.30 kN. 
           -. phiVcy    = phi * Vcy =     1171.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5805.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.87 kN. 
           -. phiVsz   = phi*Vsz =     1958.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.75 kN. 
           -. phiVsy   = phi*Vsy =     1940.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.378 kN. 
           -. Vr       =    3111.343 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0096 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0096 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0096 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112238,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6098.43        -9.92        -6.39       -30.14       -20.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6098.43        -9.92        -6.39       -30.14       -20.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        6.39 kN-m. 
           -. End Moments (My2) =        9.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -6.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -6.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       20.50 kN-m. 
           -. End Moments (Mz2) =       30.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -20.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -20.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        25.597 kN-m. 
           -. Mrz        =        82.020 kN-m. 
           -. Mr         =        85.922 kN-m. 
           -. Pu/Pr      =   0.250  --->  O.K ! 
           -. Muy/Mry    =   0.250  --->  O.K ! 
           -. Muz/Mrz    =   0.250  --->  O.K ! 
           -. Mu/Mr      =   0.250  --->  O.K ! 
           -. Ratio      =   0.250  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6081.77 kN. 
           -. Vuz    =          7.13 kN. 
           -. Muy    =         -9.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =         19.29 kN. 
           -. Muz    =        -30.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.08 kN. 
           -. phiVcz    = phi * Vcz =     1207.87 kN. 
 
           -. Vuy       =       19.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1300.77 kN. 
           -. phiVcy    = phi * Vcy =     1170.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5806.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.62 kN. 
           -. phiVsz   = phi*Vsz =     1958.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.48 kN. 
           -. phiVsy   = phi*Vsy =     1939.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      20.566 kN. 
           -. Vr       =    3110.623 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       22.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       22.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0097 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0097 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0097 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112239,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6115.10        -6.39        -3.24       -20.50       -10.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6115.10        -6.39        -3.24       -20.50       -10.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.24 kN-m. 
           -. End Moments (My2) =        6.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.24 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.24 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       10.80 kN-m. 
           -. End Moments (Mz2) =       20.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -10.80 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -10.80 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        12.958 kN-m. 
           -. Mrz        =        43.112 kN-m. 
           -. Mr         =        45.017 kN-m. 
           -. Pu/Pr      =   0.251  --->  O.K ! 
           -. Muy/Mry    =   0.250  --->  O.K ! 
           -. Muz/Mrz    =   0.251  --->  O.K ! 
           -. Mu/Mr      =   0.251  --->  O.K ! 
           -. Ratio      =   0.251  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6115.10 kN. 
           -. Vuz    =          6.33 kN. 
           -. Muy    =         -3.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =         19.39 kN. 
           -. Muz    =        -10.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        6.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.05 kN. 
           -. phiVcz    = phi * Vcz =     1207.85 kN. 
 
           -. Vuy       =       19.39 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1300.74 kN. 
           -. phiVcy    = phi * Vcy =     1170.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5806.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.61 kN. 
           -. phiVsz   = phi*Vsz =     1958.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.75 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.47 kN. 
           -. phiVsy   = phi*Vsy =     1939.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      20.396 kN. 
           -. Vr       =    3110.584 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       22.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       22.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0098 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0098 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0098 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112240,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6131.78        -3.24        -0.94       -10.80        -3.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6131.78        -3.24        -0.94       -10.80        -3.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.94 kN-m. 
           -. End Moments (My2) =        3.24 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.25 kN-m. 
           -. End Moments (Mz2) =       10.80 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         3.762 kN-m. 
           -. Mrz        =        12.923 kN-m. 
           -. Mr         =        13.459 kN-m. 
           -. Pu/Pr      =   0.251  --->  O.K ! 
           -. Muy/Mry    =   0.251  --->  O.K ! 
           -. Muz/Mrz    =   0.251  --->  O.K ! 
           -. Mu/Mr      =   0.251  --->  O.K ! 
           -. Ratio      =   0.251  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6131.78 kN. 
           -. Vuz    =          4.61 kN. 
           -. Muy    =         -0.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =         15.11 kN. 
           -. Muz    =         -3.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1342.19 kN. 
           -. phiVcz    = phi * Vcz =     1207.97 kN. 
 
           -. Vuy       =       15.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1300.88 kN. 
           -. phiVcy    = phi * Vcy =     1170.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2175.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5806.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2175.68 kN. 
           -. phiVsz   = phi*Vsz =     1958.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.54 kN. 
           -. phiVsy   = phi*Vsy =     1939.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.800 kN. 
           -. Vr       =    3110.778 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0098 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0098 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0098 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112241,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           6148.44        -0.94         0.00        -3.25         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     6148.44        -0.94         0.00        -3.25         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        3.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 680 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.252  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.252  --->  O.K ! 
           -. Ratio      =   0.252  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       6148.44 kN. 
           -. Vuz    =          1.89 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =          6.49 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1302.52 kN. 
           -. phiVcz    = phi * Vcz =     1172.27 kN. 
 
           -. Vuy       =        6.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1302.52 kN. 
           -. phiVcy    = phi * Vcy =     1172.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5845.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.36 kN. 
           -. phiVsz   = phi*Vsz =     1940.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2156.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5845.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2156.36 kN. 
           -. phiVsy   = phi*Vsy =     1940.72 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       6.763 kN. 
           -. Vr       =    3112.990 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        7.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        7.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0099 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0099 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0099 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113002,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            839.99       292.11       357.45      2418.60      2545.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      839.99       292.11       357.45      2418.60      2545.56 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      292.11 kN-m. 
           -. End Moments (My2) =      357.45 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      357.45 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      357.45 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2418.60 kN-m. 
           -. End Moments (Mz2) =     2545.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2545.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2545.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1667.684 kN. 
           -. Mry        =       715.689 kN-m. 
           -. Mrz        =      5057.524 kN-m. 
           -. Mr         =      5107.911 kN-m. 
           -. Pu/Pr      =   0.504  --->  O.K ! 
           -. Muy/Mry    =   0.499  --->  O.K ! 
           -. Muz/Mrz    =   0.503  --->  O.K ! 
           -. Mu/Mr      =   0.504  --->  O.K ! 
           -. Ratio      =   0.504  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2638.33 kN. 
           -. Vuz    =        210.22 kN. 
           -. Muy    =       -363.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
 
           -. Vuy    =        336.11 kN. 
           -. Muz    =      -2505.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.67 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.40 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      210.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1127.40 kN. 
           -. phiVcz    = phi * Vcz =     1014.66 kN. 
 
           -. Vuy       =      336.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1084.03 kN. 
           -. phiVcy    = phi * Vcy =      975.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2058.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6021.09 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2058.72 kN. 
           -. phiVsz   = phi*Vsz =     1852.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2030.87 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6064.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2030.87 kN. 
           -. phiVsy   = phi*Vsy =     1827.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     396.432 kN. 
           -. Vr       =    2803.409 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      440.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      440.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113003,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            851.96       357.45       429.97      2545.56      2647.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      851.96       357.45       429.97      2545.56      2647.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      357.45 kN-m. 
           -. End Moments (My2) =      429.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      429.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      429.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2545.56 kN-m. 
           -. End Moments (Mz2) =     2647.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2647.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2647.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1626.658 kN. 
           -. Mry        =       821.304 kN-m. 
           -. Mrz        =      5038.271 kN-m. 
           -. Mr         =      5104.774 kN-m. 
           -. Pu/Pr      =   0.524  --->  O.K ! 
           -. Muy/Mry    =   0.524  --->  O.K ! 
           -. Muz/Mrz    =   0.525  --->  O.K ! 
           -. Mu/Mr      =   0.525  --->  O.K ! 
           -. Ratio      =   0.525  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2655.01 kN. 
           -. Vuz    =        190.71 kN. 
           -. Muy    =       -436.25 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        282.62 kN. 
           -. Muz    =      -2610.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      190.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1117.47 kN. 
           -. phiVcz    = phi * Vcz =     1005.72 kN. 
 
           -. Vuy       =      282.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1074.08 kN. 
           -. phiVcy    = phi * Vcy =      966.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6031.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.49 kN. 
           -. phiVsz   = phi*Vsz =     1847.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2024.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6074.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2024.25 kN. 
           -. phiVsy   = phi*Vsy =     1821.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     340.949 kN. 
           -. Vr       =    2788.499 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      378.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      378.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113004,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            863.93       429.97       501.64      2647.03      2724.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      863.93       429.97       501.64      2647.03      2724.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      429.97 kN-m. 
           -. End Moments (My2) =      501.64 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      501.64 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      501.64 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2647.03 kN-m. 
           -. End Moments (Mz2) =     2724.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2724.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2724.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1582.888 kN. 
           -. Mry        =       924.247 kN-m. 
           -. Mrz        =      5016.836 kN-m. 
           -. Mr         =      5101.262 kN-m. 
           -. Pu/Pr      =   0.546  --->  O.K ! 
           -. Muy/Mry    =   0.543  --->  O.K ! 
           -. Muz/Mrz    =   0.543  --->  O.K ! 
           -. Mu/Mr      =   0.546  --->  O.K ! 
           -. Ratio      =   0.546  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2655.60 kN. 
           -. Vuz    =        292.61 kN. 
           -. Muy    =      -1099.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
 
           -. Vuy    =        121.28 kN. 
           -. Muz    =      -1247.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      292.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1268.56 kN. 
           -. phiVcz    = phi * Vcz =     1141.70 kN. 
 
           -. Vuy       =      121.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1226.15 kN. 
           -. phiVcy    = phi * Vcy =     1103.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2139.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5879.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2139.06 kN. 
           -. phiVsz   = phi*Vsz =     1925.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2116.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5922.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2116.43 kN. 
           -. phiVsy   = phi*Vsy =     1904.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     316.749 kN. 
           -. Vr       =    3008.325 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      351.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      351.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113005,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            875.89       501.64       560.74      2724.69      2760.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      875.89       501.64       560.74      2724.69      2760.99 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      501.64 kN-m. 
           -. End Moments (My2) =      560.74 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      560.74 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      560.74 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2724.69 kN-m. 
           -. End Moments (Mz2) =     2760.99 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2760.99 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2760.99 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1582.469 kN. 
           -. Mry        =      1014.226 kN-m. 
           -. Mrz        =      4999.375 kN-m. 
           -. Mr         =      5101.215 kN-m. 
           -. Pu/Pr      =   0.553  --->  O.K ! 
           -. Muy/Mry    =   0.553  --->  O.K ! 
           -. Muz/Mrz    =   0.552  --->  O.K ! 
           -. Mu/Mr      =   0.553  --->  O.K ! 
           -. Ratio      =   0.553  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2672.28 kN. 
           -. Vuz    =        230.26 kN. 
           -. Muy    =      -1207.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =         86.10 kN. 
           -. Muz    =      -1257.32 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      230.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1264.08 kN. 
           -. phiVcz    = phi * Vcz =     1137.68 kN. 
 
           -. Vuy       =       86.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1221.62 kN. 
           -. phiVcy    = phi * Vcy =     1099.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2136.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5884.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2136.73 kN. 
           -. phiVsz   = phi*Vsz =     1923.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2113.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5926.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2113.95 kN. 
           -. phiVsy   = phi*Vsy =     1902.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     245.833 kN. 
           -. Vr       =    3002.015 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      273.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      273.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113006,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            887.86       560.74       604.94      2760.99      2754.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      887.86       560.74       604.94      2760.99      2754.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      560.74 kN-m. 
           -. End Moments (My2) =      604.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 699 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      604.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      604.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2754.77 kN-m. 
           -. End Moments (Mz2) =     2760.99 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2754.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2754.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1603.461 kN. 
           -. Mry        =      1091.853 kN-m. 
           -. Mrz        =      4984.721 kN-m. 
           -. Mr         =      5102.900 kN-m. 
           -. Pu/Pr      =   0.554  --->  O.K ! 
           -. Muy/Mry    =   0.554  --->  O.K ! 
           -. Muz/Mrz    =   0.553  --->  O.K ! 
           -. Mu/Mr      =   0.554  --->  O.K ! 
           -. Ratio      =   0.554  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2688.97 kN. 
           -. Vuz    =        164.68 kN. 
           -. Muy    =      -1284.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =         59.85 kN. 
           -. Muz    =      -1248.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      164.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1265.07 kN. 
           -. phiVcz    = phi * Vcz =     1138.57 kN. 
 
           -. Vuy       =       59.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1222.62 kN. 
           -. phiVcy    = phi * Vcy =     1100.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2137.25 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5883.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2137.25 kN. 
           -. phiVsz   = phi*Vsz =     1923.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2114.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5925.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2114.50 kN. 
           -. phiVsy   = phi*Vsy =     1903.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     175.217 kN. 
           -. Vr       =    3003.411 kN. 
           -. Ratio    = Vu / Vr = 0.058  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      194.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      194.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113007,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            887.84       604.94       634.81      2754.77      2708.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      887.84       604.94       634.81      2754.77      2708.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      604.94 kN-m. 
           -. End Moments (My2) =      634.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      604.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      604.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2708.27 kN-m. 
           -. End Moments (Mz2) =     2754.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2754.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2754.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1603.461 kN. 
           -. Mry        =      1091.853 kN-m. 
           -. Mrz        =      4984.721 kN-m. 
           -. Mr         =      5102.900 kN-m. 
           -. Pu/Pr      =   0.554  --->  O.K ! 
           -. Muy/Mry    =   0.554  --->  O.K ! 
           -. Muz/Mrz    =   0.553  --->  O.K ! 
           -. Mu/Mr      =   0.554  --->  O.K ! 
           -. Ratio      =   0.554  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2705.07 kN. 
           -. Vuz    =         71.10 kN. 
           -. Muy    =       -612.53 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
 
           -. Vuy    =        105.50 kN. 
           -. Muz    =      -2728.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       71.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1119.24 kN. 
           -. phiVcz    = phi * Vcz =     1007.31 kN. 
 
           -. Vuy       =      105.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1075.86 kN. 
           -. phiVcy    = phi * Vcy =      968.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2053.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6029.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2053.61 kN. 
           -. phiVsz   = phi*Vsz =     1848.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2025.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6072.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2025.43 kN. 
           -. phiVsy   = phi*Vsy =     1822.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     127.219 kN. 
           -. Vr       =    2791.162 kN. 
           -. Ratio    = Vu / Vr = 0.046  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      141.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      141.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113008,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            899.81       634.81       650.61      2708.27      2624.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      899.81       634.81       650.61      2708.27      2624.11 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      634.81 kN-m. 
           -. End Moments (My2) =      650.61 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      634.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      634.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2624.11 kN-m. 
           -. End Moments (Mz2) =     2708.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2708.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2708.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1646.311 kN. 
           -. Mry        =      1160.834 kN-m. 
           -. Mrz        =      4972.634 kN-m. 
           -. Mr         =      5106.332 kN-m. 
           -. Pu/Pr      =   0.547  --->  O.K ! 
           -. Muy/Mry    =   0.547  --->  O.K ! 
           -. Muz/Mrz    =   0.545  --->  O.K ! 
           -. Mu/Mr      =   0.547  --->  O.K ! 
           -. Ratio      =   0.547  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2721.75 kN. 
           -. Vuz    =         39.21 kN. 
           -. Muy    =       -642.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        169.44 kN. 
           -. Muz    =      -2685.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       39.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1117.63 kN. 
           -. phiVcz    = phi * Vcz =     1005.87 kN. 
 
           -. Vuy       =      169.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1074.24 kN. 
           -. phiVcy    = phi * Vcy =      966.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6030.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.59 kN. 
           -. phiVsz   = phi*Vsz =     1847.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2024.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6074.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2024.36 kN. 
           -. phiVsy   = phi*Vsy =     1821.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     173.922 kN. 
           -. Vr       =    2788.740 kN. 
           -. Ratio    = Vu / Vr = 0.062  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      193.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      193.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 710 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113009,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            911.78       650.61       651.97      2624.11      2505.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      911.78       650.61       651.97      2624.11      2505.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      650.61 kN-m. 
           -. End Moments (My2) =      651.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      650.61 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      650.61 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2505.22 kN-m. 
           -. End Moments (Mz2) =     2624.11 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2624.11 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2624.11 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 712 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1719.440 kN. 
           -. Mry        =      1226.570 kN-m. 
           -. Mrz        =      4961.120 kN-m. 
           -. Mr         =      5110.498 kN-m. 
           -. Pu/Pr      =   0.530  --->  O.K ! 
           -. Muy/Mry    =   0.530  --->  O.K ! 
           -. Muz/Mrz    =   0.529  --->  O.K ! 
           -. Mu/Mr      =   0.530  --->  O.K ! 
           -. Ratio      =   0.530  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2738.42 kN. 
           -. Vuz    =         26.07 kN. 
           -. Muy    =       -658.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
 
           -. Vuy    =        235.26 kN. 
           -. Muz    =      -2604.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       26.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1119.43 kN. 
           -. phiVcz    = phi * Vcz =     1007.49 kN. 
 
           -. Vuy       =      235.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1076.05 kN. 
           -. phiVcy    = phi * Vcy =      968.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2053.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6029.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2053.73 kN. 
           -. phiVsz   = phi*Vsz =     1848.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2025.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6072.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2025.56 kN. 
           -. phiVsy   = phi*Vsy =     1823.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     236.701 kN. 
           -. Vr       =    2791.450 kN. 
           -. Ratio    = Vu / Vr = 0.085  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      263.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      263.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113010,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            923.76       651.97       653.87      2505.22      2387.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      923.76       651.97       653.87      2505.22      2387.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      651.97 kN-m. 
           -. End Moments (My2) =      653.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      651.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      651.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2387.12 kN-m. 
           -. End Moments (Mz2) =     2505.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2505.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2505.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1821.547 kN. 
           -. Mry        =      1288.798 kN-m. 
           -. Mrz        =      4950.540 kN-m. 
           -. Mr         =      5115.550 kN-m. 
           -. Pu/Pr      =   0.507  --->  O.K ! 
           -. Muy/Mry    =   0.506  --->  O.K ! 
           -. Muz/Mrz    =   0.506  --->  O.K ! 
           -. Mu/Mr      =   0.507  --->  O.K ! 
           -. Ratio      =   0.507  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2755.10 kN. 
           -. Vuz    =         25.76 kN. 
           -. Muy    =       -659.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
 
           -. Vuy    =        234.10 kN. 
           -. Muz    =      -2488.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1133.68 kN. 
           -. phiVcz    = phi * Vcz =     1020.31 kN. 
 
           -. Vuy       =      234.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1090.32 kN. 
           -. phiVcy    = phi * Vcy =      981.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2062.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6014.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2062.62 kN. 
           -. phiVsz   = phi*Vsz =     1856.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2035.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6058.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2035.02 kN. 
           -. phiVsy   = phi*Vsy =     1831.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     235.516 kN. 
           -. Vr       =    2812.805 kN. 
           -. Ratio    = Vu / Vr = 0.084  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      261.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      261.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113011,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            935.73       653.87       656.24      2387.12      2269.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      935.73       653.87       656.24      2387.12      2269.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      653.87 kN-m. 
           -. End Moments (My2) =      656.24 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      653.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      653.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2269.70 kN-m. 
           -. End Moments (Mz2) =     2387.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2387.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2387.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 720 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1922.001 kN. 
           -. Mry        =      1356.406 kN-m. 
           -. Mrz        =      4937.485 kN-m. 
           -. Mr         =      5120.410 kN-m. 
           -. Pu/Pr      =   0.487  --->  O.K ! 
           -. Muy/Mry    =   0.482  --->  O.K ! 
           -. Muz/Mrz    =   0.483  --->  O.K ! 
           -. Mu/Mr      =   0.487  --->  O.K ! 
           -. Ratio      =   0.487  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2771.78 kN. 
           -. Vuz    =         25.52 kN. 
           -. Muy    =       -661.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.54 
 
           -. Vuy    =        233.18 kN. 
           -. Muz    =      -2373.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.52 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1148.09 kN. 
           -. phiVcz    = phi * Vcz =     1033.29 kN. 
 
           -. Vuy       =      233.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1104.77 kN. 
           -. phiVcy    = phi * Vcy =      994.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2071.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6000.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2071.45 kN. 
           -. phiVsz   = phi*Vsz =     1864.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2044.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6043.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2044.40 kN. 
           -. phiVsy   = phi*Vsy =     1839.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     234.574 kN. 
           -. Vr       =    2834.255 kN. 
           -. Ratio    = Vu / Vr = 0.083  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      260.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      260.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113012,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            947.70       656.24       659.02      2269.70      2155.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      947.70       656.24       659.02      2269.70      2155.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      656.24 kN-m. 
           -. End Moments (My2) =      659.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      656.24 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      656.24 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2155.42 kN-m. 
           -. End Moments (Mz2) =     2269.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2269.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2269.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2049.899 kN. 
           -. Mry        =      1421.651 kN-m. 
           -. Mrz        =      4931.584 kN-m. 
           -. Mr         =      5132.408 kN-m. 
           -. Pu/Pr      =   0.462  --->  O.K ! 
           -. Muy/Mry    =   0.462  --->  O.K ! 
           -. Muz/Mrz    =   0.460  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2788.45 kN. 
           -. Vuz    =         25.32 kN. 
           -. Muy    =       -663.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
 
           -. Vuy    =        232.47 kN. 
           -. Muz    =      -2258.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1162.68 kN. 
           -. phiVcz    = phi * Vcz =     1046.41 kN. 
 
           -. Vuy       =      232.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1119.41 kN. 
           -. phiVcy    = phi * Vcy =     1007.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2080.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5985.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2080.20 kN. 
           -. phiVsz   = phi*Vsz =     1872.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2053.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6029.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2053.72 kN. 
           -. phiVsy   = phi*Vsy =     1848.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     233.843 kN. 
           -. Vr       =    2855.810 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      259.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      259.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113013,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            959.68       659.02       662.15      2155.42      2047.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      959.68       659.02       662.15      2155.42      2047.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      659.02 kN-m. 
           -. End Moments (My2) =      662.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      659.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      659.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2047.32 kN-m. 
           -. End Moments (Mz2) =     2155.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2155.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2155.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 728 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2193.216 kN. 
           -. Mry        =      1501.299 kN-m. 
           -. Mrz        =      4915.511 kN-m. 
           -. Mr         =      5139.664 kN-m. 
           -. Pu/Pr      =   0.438  --->  O.K ! 
           -. Muy/Mry    =   0.439  --->  O.K ! 
           -. Muz/Mrz    =   0.438  --->  O.K ! 
           -. Mu/Mr      =   0.439  --->  O.K ! 
           -. Ratio      =   0.439  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2805.12 kN. 
           -. Vuz    =         25.17 kN. 
           -. Muy    =       -665.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.61 
 
           -. Vuy    =        231.94 kN. 
           -. Muz    =      -2147.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1177.08 kN. 
           -. phiVcz    = phi * Vcz =     1059.37 kN. 
 
           -. Vuy       =      231.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1133.88 kN. 
           -. phiVcy    = phi * Vcy =     1020.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2088.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5971.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2088.69 kN. 
           -. phiVsz   = phi*Vsz =     1879.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2062.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6014.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2062.74 kN. 
           -. phiVsy   = phi*Vsy =     1856.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     233.297 kN. 
           -. Vr       =    2876.960 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      259.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      259.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113014,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            971.65       662.15       657.65      2047.32      1934.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      971.65       662.15       657.65      2047.32      1934.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      657.65 kN-m. 
           -. End Moments (My2) =      662.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      662.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      662.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1934.32 kN-m. 
           -. End Moments (Mz2) =     2047.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2047.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2047.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2309.801 kN. 
           -. Mry        =      1583.266 kN-m. 
           -. Mrz        =      4895.513 kN-m. 
           -. Mr         =      5145.170 kN-m. 
           -. Pu/Pr      =   0.421  --->  O.K ! 
           -. Muy/Mry    =   0.418  --->  O.K ! 
           -. Muz/Mrz    =   0.418  --->  O.K ! 
           -. Mu/Mr      =   0.421  --->  O.K ! 
           -. Ratio      =   0.421  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2821.80 kN. 
           -. Vuz    =         28.09 kN. 
           -. Muy    =       -668.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =        256.68 kN. 
           -. Muz    =      -2041.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       28.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1187.56 kN. 
           -. phiVcz    = phi * Vcz =     1068.80 kN. 
 
           -. Vuy       =      256.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1144.41 kN. 
           -. phiVcy    = phi * Vcy =     1029.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2094.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5960.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2094.76 kN. 
           -. phiVsz   = phi*Vsz =     1885.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2069.21 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6004.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2069.21 kN. 
           -. phiVsy   = phi*Vsy =     1862.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     258.211 kN. 
           -. Vr       =    2892.263 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      286.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      286.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113015,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2838.47      -664.18      -643.34     -1931.49     -1793.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2838.47      -664.18      -643.34     -1931.49     -1793.76 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      643.34 kN-m. 
           -. End Moments (My2) =      664.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -664.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -664.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1793.76 kN-m. 
           -. End Moments (Mz2) =     1931.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1931.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1931.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7081.462 kN. 
           -. Mry        =      1661.124 kN-m. 
           -. Mrz        =      4858.677 kN-m. 
           -. Mr         =      5134.791 kN-m. 
           -. Pu/Pr      =   0.401  --->  O.K ! 
           -. Muy/Mry    =   0.400  --->  O.K ! 
           -. Muz/Mrz    =   0.398  --->  O.K ! 
           -. Mu/Mr      =   0.401  --->  O.K ! 
           -. Ratio      =   0.401  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2838.47 kN. 
           -. Vuz    =         47.09 kN. 
           -. Muy    =       -664.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
 
           -. Vuy    =        302.67 kN. 
           -. Muz    =      -1931.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       47.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1196.20 kN. 
           -. phiVcz    = phi * Vcz =     1076.58 kN. 
 
           -. Vuy       =      302.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1153.11 kN. 
           -. phiVcy    = phi * Vcy =     1037.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2099.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5952.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2099.71 kN. 
           -. phiVsz   = phi*Vsz =     1889.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2074.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5995.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2074.48 kN. 
           -. phiVsy   = phi*Vsy =     1867.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     306.307 kN. 
           -. Vr       =    2904.833 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      340.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      340.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113016,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2855.14      -643.34      -609.59     -1793.76     -1636.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2855.14      -643.34      -609.59     -1793.76     -1636.57 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      609.59 kN-m. 
           -. End Moments (My2) =      643.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -643.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -643.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1636.57 kN-m. 
           -. End Moments (Mz2) =     1793.76 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1793.76 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1793.76 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7620.464 kN. 
           -. Mry        =      1718.142 kN-m. 
           -. Mrz        =      4783.860 kN-m. 
           -. Mr         =      5083.044 kN-m. 
           -. Pu/Pr      =   0.375  --->  O.K ! 
           -. Muy/Mry    =   0.374  --->  O.K ! 
           -. Muz/Mrz    =   0.375  --->  O.K ! 
           -. Mu/Mr      =   0.375  --->  O.K ! 
           -. Ratio      =   0.375  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2855.14 kN. 
           -. Vuz    =         69.46 kN. 
           -. Muy    =       -643.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.68 
 
           -. Vuy    =        333.52 kN. 
           -. Muz    =      -1793.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.59 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 741 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       69.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1211.57 kN. 
           -. phiVcz    = phi * Vcz =     1090.41 kN. 
 
           -. Vuy       =      333.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1168.59 kN. 
           -. phiVcy    = phi * Vcy =     1051.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2108.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5936.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2108.37 kN. 
           -. phiVsz   = phi*Vsz =     1897.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2083.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5979.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2083.71 kN. 
           -. phiVsy   = phi*Vsy =     1875.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     340.675 kN. 
           -. Vr       =    2927.072 kN. 
           -. Ratio    = Vu / Vr = 0.116  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      378.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      378.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113017,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2871.81      -609.59      -566.17     -1636.57     -1467.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2871.81      -609.59      -566.17     -1636.57     -1467.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      566.17 kN-m. 
           -. End Moments (My2) =      609.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -609.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -609.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1467.87 kN-m. 
           -. End Moments (Mz2) =     1636.57 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1636.57 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1636.57 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8269.163 kN. 
           -. Mry        =      1753.111 kN-m. 
           -. Mrz        =      4694.510 kN-m. 
           -. Mr         =      5011.170 kN-m. 
           -. Pu/Pr      =   0.347  --->  O.K ! 
           -. Muy/Mry    =   0.348  --->  O.K ! 
           -. Muz/Mrz    =   0.349  --->  O.K ! 
           -. Mu/Mr      =   0.349  --->  O.K ! 
           -. Ratio      =   0.349  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2871.81 kN. 
           -. Vuz    =         87.39 kN. 
           -. Muy    =       -609.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        349.60 kN. 
           -. Muz    =      -1636.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       87.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1232.97 kN. 
           -. phiVcz    = phi * Vcz =     1109.67 kN. 
 
           -. Vuy       =      349.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1190.18 kN. 
           -. phiVcy    = phi * Vcy =     1071.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2120.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5915.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2120.15 kN. 
           -. phiVsz   = phi*Vsz =     1908.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2096.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5958.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2096.27 kN. 
           -. phiVsy   = phi*Vsy =     1886.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     360.354 kN. 
           -. Vr       =    2957.798 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      400.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      400.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113018,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2888.48      -566.17      -516.18     -1467.87     -1295.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2888.48      -566.17      -516.18     -1467.87     -1295.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      516.18 kN-m. 
           -. End Moments (My2) =      566.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 747 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -566.17 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -566.17 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1295.03 kN-m. 
           -. End Moments (Mz2) =     1467.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1467.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1467.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9036.581 kN. 
           -. Mry        =      1773.634 kN-m. 
           -. Mrz        =      4582.465 kN-m. 
           -. Mr         =      4913.733 kN-m. 
           -. Pu/Pr      =   0.320  --->  O.K ! 
           -. Muy/Mry    =   0.319  --->  O.K ! 
           -. Muz/Mrz    =   0.320  --->  O.K ! 
           -. Mu/Mr      =   0.320  --->  O.K ! 
           -. Ratio      =   0.320  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2888.48 kN. 
           -. Vuz    =        100.30 kN. 
           -. Muy    =       -566.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.79 
 
           -. Vuy    =        351.93 kN. 
           -. Muz    =      -1467.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      100.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1259.51 kN. 
           -. phiVcz    = phi * Vcz =     1133.56 kN. 
 
           -. Vuy       =      351.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1217.00 kN. 
           -. phiVcy    = phi * Vcy =     1095.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2134.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5888.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2134.34 kN. 
           -. phiVsz   = phi*Vsz =     1920.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2111.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5931.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2111.39 kN. 
           -. phiVsy   = phi*Vsy =     1900.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     365.941 kN. 
           -. Vr       =    2995.549 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      406.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      406.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113019,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2905.15      -516.18      -462.53     -1295.03     -1124.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2905.15      -516.18      -462.53     -1295.03     -1124.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      462.53 kN-m. 
           -. End Moments (My2) =      516.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -516.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -516.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1124.70 kN-m. 
           -. End Moments (Mz2) =     1295.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1295.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1295.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9993.052 kN. 
           -. Mry        =      1795.551 kN-m. 
           -. Mrz        =      4487.884 kN-m. 
           -. Mr         =      4833.747 kN-m. 
           -. Pu/Pr      =   0.291  --->  O.K ! 
           -. Muy/Mry    =   0.287  --->  O.K ! 
           -. Muz/Mrz    =   0.289  --->  O.K ! 
           -. Mu/Mr      =   0.291  --->  O.K ! 
           -. Ratio      =   0.291  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2905.15 kN. 
           -. Vuz    =        107.49 kN. 
           -. Muy    =       -516.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        342.48 kN. 
           -. Muz    =      -1295.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      107.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1290.20 kN. 
           -. phiVcz    = phi * Vcz =     1161.18 kN. 
 
           -. Vuy       =      342.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1248.07 kN. 
           -. phiVcy    = phi * Vcy =     1123.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.16 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5858.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.16 kN. 
           -. phiVsz   = phi*Vsz =     1935.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2128.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5900.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2128.28 kN. 
           -. phiVsy   = phi*Vsy =     1915.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     358.950 kN. 
           -. Vr       =    3038.715 kN. 
           -. Ratio    = Vu / Vr = 0.118  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      398.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      398.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113020,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2921.82      -462.53      -407.87     -1124.70      -962.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2921.82      -462.53      -407.87     -1124.70      -962.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      407.87 kN-m. 
           -. End Moments (My2) =      462.53 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -462.53 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -462.53 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      962.67 kN-m. 
           -. End Moments (Mz2) =     1124.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1124.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1124.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11314.584 kN. 
           -. Mry        =      1786.648 kN-m. 
           -. Mrz        =      4357.667 kN-m. 
           -. Mr         =      4709.710 kN-m. 
           -. Pu/Pr      =   0.258  --->  O.K ! 
           -. Muy/Mry    =   0.259  --->  O.K ! 
           -. Muz/Mrz    =   0.258  --->  O.K ! 
           -. Mu/Mr      =   0.259  --->  O.K ! 
           -. Ratio      =   0.259  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2921.82 kN. 
           -. Vuz    =        109.45 kN. 
           -. Muy    =       -462.53 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        324.62 kN. 
           -. Muz    =      -1124.70 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      109.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1323.71 kN. 
           -. phiVcz    = phi * Vcz =     1191.34 kN. 
 
           -. Vuy       =      324.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1282.08 kN. 
           -. phiVcy    = phi * Vcy =     1153.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2166.79 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5824.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2166.79 kN. 
           -. phiVsz   = phi*Vsz =     1950.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2146.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5866.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2146.04 kN. 
           -. phiVsy   = phi*Vsy =     1931.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     342.569 kN. 
           -. Vr       =    3085.310 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      380.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      380.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113021,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2938.48      -407.87      -354.40      -962.67      -812.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2938.48      -407.87      -354.40      -962.67      -812.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      354.40 kN-m. 
           -. End Moments (My2) =      407.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -407.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -407.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      812.66 kN-m. 
           -. End Moments (Mz2) =      962.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -962.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -962.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12779.142 kN. 
           -. Mry        =      1775.579 kN-m. 
           -. Mrz        =      4202.818 kN-m. 
           -. Mr         =      4562.495 kN-m. 
           -. Pu/Pr      =   0.230  --->  O.K ! 
           -. Muy/Mry    =   0.230  --->  O.K ! 
           -. Muz/Mrz    =   0.229  --->  O.K ! 
           -. Mu/Mr      =   0.230  --->  O.K ! 
           -. Ratio      =   0.230  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2938.48 kN. 
           -. Vuz    =        107.00 kN. 
           -. Muy    =       -407.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =        300.45 kN. 
           -. Muz    =       -962.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      107.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1358.78 kN. 
           -. phiVcz    = phi * Vcz =     1222.90 kN. 
 
           -. Vuy       =      300.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1317.77 kN. 
           -. phiVcy    = phi * Vcy =     1186.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5789.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.49 kN. 
           -. phiVsz   = phi*Vsz =     1965.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2163.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5830.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2163.89 kN. 
           -. phiVsy   = phi*Vsy =     1947.50 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     318.937 kN. 
           -. Vr       =    3133.500 kN. 
           -. Ratio    = Vu / Vr = 0.102  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      354.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      354.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113022,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2955.15      -354.40      -303.31      -812.66      -674.92 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2955.15      -354.40      -303.31      -812.66      -674.92 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      303.31 kN-m. 
           -. End Moments (My2) =      354.40 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -354.40 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -354.40 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      674.92 kN-m. 
           -. End Moments (Mz2) =      812.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -812.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -812.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14528.457 kN. 
           -. Mry        =      1738.154 kN-m. 
           -. Mrz        =      3990.260 kN-m. 
           -. Mr         =      4352.396 kN-m. 
           -. Pu/Pr      =   0.203  --->  O.K ! 
           -. Muy/Mry    =   0.204  --->  O.K ! 
           -. Muz/Mrz    =   0.204  --->  O.K ! 
           -. Mu/Mr      =   0.204  --->  O.K ! 
           -. Ratio      =   0.204  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2955.15 kN. 
           -. Vuz    =        102.26 kN. 
           -. Muy    =       -354.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
 
           -. Vuy    =        275.92 kN. 
           -. Muz    =       -812.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.00 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      102.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1393.54 kN. 
           -. phiVcz    = phi * Vcz =     1254.19 kN. 
 
           -. Vuy       =      275.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1353.24 kN. 
           -. phiVcy    = phi * Vcy =     1217.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2199.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5754.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2199.39 kN. 
           -. phiVsz   = phi*Vsz =     1979.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2180.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5795.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2180.90 kN. 
           -. phiVsy   = phi*Vsy =     1962.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     294.258 kN. 
           -. Vr       =    3180.726 kN. 
           -. Ratio    = Vu / Vr = 0.093  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      326.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      326.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113023,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2971.82      -303.31      -255.62      -674.92      -551.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2971.82      -303.31      -255.62      -674.92      -551.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      255.62 kN-m. 
           -. End Moments (My2) =      303.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -303.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -303.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      551.14 kN-m. 
           -. End Moments (Mz2) =      674.92 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -674.92 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -674.92 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16493.017 kN. 
           -. Mry        =      1667.176 kN-m. 
           -. Mrz        =      3712.714 kN-m. 
           -. Mr         =      4069.855 kN-m. 
           -. Pu/Pr      =   0.180  --->  O.K ! 
           -. Muy/Mry    =   0.182  --->  O.K ! 
           -. Muz/Mrz    =   0.182  --->  O.K ! 
           -. Mu/Mr      =   0.182  --->  O.K ! 
           -. Ratio      =   0.182  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2971.82 kN. 
           -. Vuz    =         95.41 kN. 
           -. Muy    =       -303.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.42 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.16 
 
           -. Vuy    =        248.06 kN. 
           -. Muz    =       -674.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.07 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       95.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1428.18 kN. 
           -. phiVcz    = phi * Vcz =     1285.36 kN. 
 
           -. Vuy       =      248.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1388.67 kN. 
           -. phiVcy    = phi * Vcy =     1249.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2214.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5720.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2214.62 kN. 
           -. phiVsz   = phi*Vsz =     1993.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2197.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5759.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2197.20 kN. 
           -. phiVsy   = phi*Vsy =     1977.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     265.781 kN. 
           -. Vr       =    3227.283 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      295.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      295.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113024,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2988.48      -255.62      -212.11      -551.14      -442.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2988.48      -255.62      -212.11      -551.14      -442.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      212.11 kN-m. 
           -. End Moments (My2) =      255.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -255.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -255.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      442.49 kN-m. 
           -. End Moments (Mz2) =      551.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -551.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -551.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18345.409 kN. 
           -. Mry        =      1576.085 kN-m. 
           -. Mrz        =      3399.418 kN-m. 
           -. Mr         =      3747.010 kN-m. 
           -. Pu/Pr      =   0.163  --->  O.K ! 
           -. Muy/Mry    =   0.162  --->  O.K ! 
           -. Muz/Mrz    =   0.162  --->  O.K ! 
           -. Mu/Mr      =   0.163  --->  O.K ! 
           -. Ratio      =   0.163  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2988.48 kN. 
           -. Vuz    =         87.07 kN. 
           -. Muy    =       -255.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
 
           -. Vuy    =        218.27 kN. 
           -. Muz    =       -551.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.15 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       87.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1461.80 kN. 
           -. phiVcz    = phi * Vcz =     1315.62 kN. 
 
           -. Vuy       =      218.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1423.15 kN. 
           -. phiVcy    = phi * Vcy =     1280.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2228.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5686.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2228.84 kN. 
           -. phiVsz   = phi*Vsz =     2005.96 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2212.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5725.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2212.44 kN. 
           -. phiVsy   = phi*Vsy =     1991.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     234.998 kN. 
           -. Vr       =    3272.030 kN. 
           -. Ratio    = Vu / Vr = 0.072  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      261.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      261.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113025,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3005.15      -212.11      -173.24      -442.49      -349.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3005.15      -212.11      -173.24      -442.49      -349.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      173.24 kN-m. 
           -. End Moments (My2) =      212.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -212.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -212.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      349.07 kN-m. 
           -. End Moments (Mz2) =      442.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -442.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -442.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     20380.027 kN. 
           -. Mry        =      1436.895 kN-m. 
           -. Mrz        =      2995.362 kN-m. 
           -. Mr         =      3322.177 kN-m. 
           -. Pu/Pr      =   0.147  --->  O.K ! 
           -. Muy/Mry    =   0.148  --->  O.K ! 
           -. Muz/Mrz    =   0.148  --->  O.K ! 
           -. Mu/Mr      =   0.148  --->  O.K ! 
           -. Ratio      =   0.148  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3005.15 kN. 
           -. Vuz    =         77.76 kN. 
           -. Muy    =       -212.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.31 
 
           -. Vuy    =        187.73 kN. 
           -. Muz    =       -442.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.22 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       77.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1493.56 kN. 
           -. phiVcz    = phi * Vcz =     1344.20 kN. 
 
           -. Vuy       =      187.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1455.80 kN. 
           -. phiVcy    = phi * Vcy =     1310.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2241.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5654.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2241.81 kN. 
           -. phiVsz   = phi*Vsz =     2017.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2226.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5692.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2226.34 kN. 
           -. phiVsy   = phi*Vsy =     2003.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     203.199 kN. 
           -. Vr       =    3313.922 kN. 
           -. Ratio    = Vu / Vr = 0.061  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      225.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      225.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113026,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3610.55       -62.49       -50.05       -57.59       -47.64 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3610.55       -62.49       -50.05       -57.59       -47.64 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       50.05 kN-m. 
           -. End Moments (My2) =       62.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -50.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -50.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       47.64 kN-m. 
           -. End Moments (Mz2) =       57.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -47.64 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -47.64 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       338.309 kN-m. 
           -. Mrz        =       321.965 kN-m. 
           -. Mr         =       467.027 kN-m. 
           -. Pu/Pr      =   0.148  --->  O.K ! 
           -. Muy/Mry    =   0.148  --->  O.K ! 
           -. Muz/Mrz    =   0.148  --->  O.K ! 
           -. Mu/Mr      =   0.148  --->  O.K ! 
           -. Ratio      =   0.148  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3021.81 kN. 
           -. Vuz    =         67.95 kN. 
           -. Muy    =       -173.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.37 
 
           -. Vuy    =        157.44 kN. 
           -. Muz    =       -349.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.29 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       67.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1522.80 kN. 
           -. phiVcz    = phi * Vcz =     1370.52 kN. 
 
           -. Vuy       =      157.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1485.93 kN. 
           -. phiVcy    = phi * Vcy =     1337.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2253.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5625.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2253.36 kN. 
           -. phiVsz   = phi*Vsz =     2028.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2238.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5662.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2238.73 kN. 
           -. phiVsy   = phi*Vsy =     2014.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     171.481 kN. 
           -. Vr       =    3352.197 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      190.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      190.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113027,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3627.21       -50.05       -39.26       -47.64       -38.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3627.21       -50.05       -39.26       -47.64       -38.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       39.26 kN-m. 
           -. End Moments (My2) =       50.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -39.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -39.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       38.61 kN-m. 
           -. End Moments (Mz2) =       47.64 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -38.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -38.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       264.198 kN-m. 
           -. Mrz        =       259.739 kN-m. 
           -. Mr         =       370.493 kN-m. 
           -. Pu/Pr      =   0.149  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.149  --->  O.K ! 
           -. Ratio      =   0.149  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3038.47 kN. 
           -. Vuz    =         59.20 kN. 
           -. Muy    =       -139.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =        131.71 kN. 
           -. Muz    =       -270.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       59.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1548.19 kN. 
           -. phiVcz    = phi * Vcz =     1393.37 kN. 
 
           -. Vuy       =      131.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1512.14 kN. 
           -. phiVcy    = phi * Vcy =     1360.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2263.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5600.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2263.10 kN. 
           -. phiVsz   = phi*Vsz =     2036.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2249.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5636.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2249.19 kN. 
           -. phiVsy   = phi*Vsy =     2024.27 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     144.400 kN. 
           -. Vr       =    3385.202 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      160.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      160.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113028,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3643.86       -39.26       -29.63       -38.61       -30.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3643.86       -39.26       -29.63       -38.61       -30.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       29.63 kN-m. 
           -. End Moments (My2) =       39.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -29.63 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -29.63 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       30.30 kN-m. 
           -. End Moments (Mz2) =       38.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -30.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -30.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       198.424 kN-m. 
           -. Mrz        =       202.943 kN-m. 
           -. Mr         =       283.827 kN-m. 
           -. Pu/Pr      =   0.149  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.149  --->  O.K ! 
           -. Ratio      =   0.149  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3055.14 kN. 
           -. Vuz    =         53.01 kN. 
           -. Muy    =       -109.69 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.47 
 
           -. Vuy    =        114.25 kN. 
           -. Muz    =       -204.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       53.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1568.97 kN. 
           -. phiVcz    = phi * Vcz =     1412.08 kN. 
 
           -. Vuy       =      114.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1533.64 kN. 
           -. phiVcy    = phi * Vcy =     1380.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2270.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5579.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2270.89 kN. 
           -. phiVsz   = phi*Vsz =     2043.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2257.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5614.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2257.55 kN. 
           -. phiVsy   = phi*Vsy =     2031.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     125.944 kN. 
           -. Vr       =    3412.070 kN. 
           -. Ratio    = Vu / Vr = 0.037  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      139.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      139.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113029,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3660.52       -29.63       -21.08       -30.30       -23.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3660.52       -29.63       -21.08       -30.30       -23.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       21.08 kN-m. 
           -. End Moments (My2) =       29.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -21.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -21.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       23.02 kN-m. 
           -. End Moments (Mz2) =       30.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -23.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -23.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 792 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       140.381 kN-m. 
           -. Mrz        =       153.615 kN-m. 
           -. Mr         =       208.097 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.150  --->  O.K ! 
           -. Muz/Mrz    =   0.150  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3071.80 kN. 
           -. Vuz    =         47.25 kN. 
           -. Muy    =        -83.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =         98.63 kN. 
           -. Muz    =       -148.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.44 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       47.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1587.43 kN. 
           -. phiVcz    = phi * Vcz =     1428.68 kN. 
 
           -. Vuy       =       98.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1552.75 kN. 
           -. phiVcy    = phi * Vcy =     1397.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2277.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5561.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2277.66 kN. 
           -. phiVsz   = phi*Vsz =     2049.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2264.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5595.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2264.83 kN. 
           -. phiVsy   = phi*Vsy =     2038.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     109.358 kN. 
           -. Vr       =    3435.818 kN. 
           -. Ratio    = Vu / Vr = 0.032  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      121.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      121.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113030,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3677.18       -21.08       -13.50       -23.02       -16.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3677.18       -21.08       -13.50       -23.02       -16.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.50 kN-m. 
           -. End Moments (My2) =       21.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       16.30 kN-m. 
           -. End Moments (Mz2) =       23.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -16.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -16.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        89.629 kN-m. 
           -. Mrz        =       108.171 kN-m. 
           -. Mr         =       140.479 kN-m. 
           -. Pu/Pr      =   0.151  --->  O.K ! 
           -. Muy/Mry    =   0.151  --->  O.K ! 
           -. Muz/Mrz    =   0.151  --->  O.K ! 
           -. Mu/Mr      =   0.151  --->  O.K ! 
           -. Ratio      =   0.151  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3088.46 kN. 
           -. Vuz    =         42.04 kN. 
           -. Muy    =        -59.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =         85.04 kN. 
           -. Muz    =        -98.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.47 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       42.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1603.54 kN. 
           -. phiVcz    = phi * Vcz =     1443.19 kN. 
 
           -. Vuy       =       85.04 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1569.46 kN. 
           -. phiVcy    = phi * Vcy =     1412.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2283.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5544.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2283.47 kN. 
           -. phiVsz   = phi*Vsz =     2055.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2271.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5579.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2271.07 kN. 
           -. phiVsy   = phi*Vsy =     2043.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      94.861 kN. 
           -. Vr       =    3456.480 kN. 
           -. Ratio    = Vu / Vr = 0.027  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      105.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      105.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113031,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3693.83       -13.50        -7.57       -16.30       -10.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3693.83       -13.50        -7.57       -16.30       -10.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.57 kN-m. 
           -. End Moments (My2) =       13.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       10.61 kN-m. 
           -. End Moments (Mz2) =       16.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -10.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -10.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        50.017 kN-m. 
           -. Mrz        =        70.074 kN-m. 
           -. Mr         =        86.093 kN-m. 
           -. Pu/Pr      =   0.151  --->  O.K ! 
           -. Muy/Mry    =   0.151  --->  O.K ! 
           -. Muz/Mrz    =   0.151  --->  O.K ! 
           -. Mu/Mr      =   0.151  --->  O.K ! 
           -. Ratio      =   0.151  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3105.12 kN. 
           -. Vuz    =         33.17 kN. 
           -. Muy    =        -38.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.59 
 
           -. Vuy    =         62.80 kN. 
           -. Muz    =        -56.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       33.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1620.15 kN. 
           -. phiVcz    = phi * Vcz =     1458.14 kN. 
 
           -. Vuy       =       62.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1586.71 kN. 
           -. phiVcy    = phi * Vcy =     1428.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2289.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5528.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2289.37 kN. 
           -. phiVsz   = phi*Vsz =     2060.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2277.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5561.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2277.40 kN. 
           -. phiVsy   = phi*Vsy =     2049.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      71.021 kN. 
           -. Vr       =    3477.704 kN. 
           -. Ratio    = Vu / Vr = 0.020  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       78.91 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       78.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113032,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3710.49        -7.57        -3.66       -10.61        -6.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3710.49        -7.57        -3.66       -10.61        -6.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.66 kN-m. 
           -. End Moments (My2) =        7.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.66 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.66 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        6.49 kN-m. 
           -. End Moments (Mz2) =       10.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -6.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -6.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        24.078 kN-m. 
           -. Mrz        =        42.686 kN-m. 
           -. Mr         =        49.009 kN-m. 
           -. Pu/Pr      =   0.152  --->  O.K ! 
           -. Muy/Mry    =   0.152  --->  O.K ! 
           -. Muz/Mrz    =   0.152  --->  O.K ! 
           -. Mu/Mr      =   0.152  --->  O.K ! 
           -. Ratio      =   0.152  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3122.42 kN. 
           -. Vuz    =         38.87 kN. 
           -. Muy    =        -17.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.62 
 
           -. Vuy    =         18.21 kN. 
           -. Muz    =         -7.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       38.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1633.71 kN. 
           -. phiVcz    = phi * Vcz =     1470.34 kN. 
 
           -. Vuy       =       18.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1600.81 kN. 
           -. phiVcy    = phi * Vcy =     1440.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2294.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5514.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2294.10 kN. 
           -. phiVsz   = phi*Vsz =     2064.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2282.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5547.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2282.50 kN. 
           -. phiVsy   = phi*Vsy =     2054.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      42.924 kN. 
           -. Vr       =    3494.974 kN. 
           -. Ratio    = Vu / Vr = 0.012  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       47.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       47.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113033,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3727.14        -3.66        -1.39        -6.49        -3.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3727.14        -3.66        -1.39        -6.49        -3.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.39 kN-m. 
           -. End Moments (My2) =        3.66 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.82 kN-m. 
           -. End Moments (Mz2) =        6.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         9.068 kN-m. 
           -. Mrz        =        25.000 kN-m. 
           -. Mr         =        26.594 kN-m. 
           -. Pu/Pr      =   0.153  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.153  --->  O.K ! 
           -. Mu/Mr      =   0.153  --->  O.K ! 
           -. Ratio      =   0.153  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3139.08 kN. 
           -. Vuz    =         22.47 kN. 
           -. Muy    =         -6.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.63 
 
           -. Vuy    =          9.28 kN. 
           -. Muz    =         -4.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       22.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1640.81 kN. 
           -. phiVcz    = phi * Vcz =     1476.73 kN. 
 
           -. Vuy       =        9.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1608.20 kN. 
           -. phiVcy    = phi * Vcy =     1447.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2296.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5507.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2296.56 kN. 
           -. phiVsz   = phi*Vsz =     2066.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2285.13 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5540.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2285.13 kN. 
           -. phiVsy   = phi*Vsy =     2056.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      24.312 kN. 
           -. Vr       =    3503.998 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       27.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       27.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113034,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3743.80        -1.39        -0.38        -3.82        -1.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3743.80        -1.39        -0.38        -3.82        -1.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.38 kN-m. 
           -. End Moments (My2) =        1.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.88 kN-m. 
           -. End Moments (Mz2) =        3.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.478 kN-m. 
           -. Mrz        =        12.231 kN-m. 
           -. Mr         =        12.479 kN-m. 
           -. Pu/Pr      =   0.153  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.153  --->  O.K ! 
           -. Mu/Mr      =   0.153  --->  O.K ! 
           -. Ratio      =   0.153  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3155.74 kN. 
           -. Vuz    =         10.43 kN. 
           -. Muy    =         -1.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =          4.36 kN. 
           -. Muz    =         -2.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1645.19 kN. 
           -. phiVcz    = phi * Vcz =     1480.67 kN. 
 
           -. Vuy       =        4.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.75 kN. 
           -. phiVcy    = phi * Vcy =     1451.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2298.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5503.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2298.06 kN. 
           -. phiVsz   = phi*Vsz =     2068.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5535.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.75 kN. 
           -. phiVsy   = phi*Vsy =     2058.08 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      11.307 kN. 
           -. Vr       =    3509.551 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       12.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       12.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0051 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0051 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0051 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113035,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3760.45        -0.38        -0.15        -1.88        -0.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3760.45        -0.38        -0.15        -1.88        -0.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.15 kN-m. 
           -. End Moments (My2) =        0.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.53 kN-m. 
           -. End Moments (Mz2) =        1.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.53 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.53 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.975 kN-m. 
           -. Mrz        =         3.458 kN-m. 
           -. Mr         =         3.592 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.154  --->  O.K ! 
           -. Muz/Mrz    =   0.154  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3188.41 kN. 
           -. Vuz    =          2.20 kN. 
           -. Muy    =         -0.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =          6.57 kN. 
           -. Muz    =         -2.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        2.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1643.31 kN. 
           -. phiVcz    = phi * Vcz =     1478.98 kN. 
 
           -. Vuy       =        6.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1610.79 kN. 
           -. phiVcy    = phi * Vcy =     1449.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5505.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.42 kN. 
           -. phiVsz   = phi*Vsz =     2067.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5537.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.06 kN. 
           -. phiVsy   = phi*Vsy =     2057.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       6.930 kN. 
           -. Vr       =    3507.166 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        7.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        7.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0051 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0051 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0051 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113036,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3777.11        -0.15         0.00        -0.53         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3777.11        -0.15         0.00        -0.53         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.53 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.155  --->  O.K ! 
           -. Ratio      =   0.155  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3205.07 kN. 
           -. Vuz    =          0.44 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.56 
 
           -. Vuy    =          4.30 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.56 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        0.44 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1609.99 kN. 
           -. phiVcz    = phi * Vcz =     1448.99 kN. 
 
           -. Vuy       =        4.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1609.99 kN. 
           -. phiVcy    = phi * Vcy =     1448.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2285.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5538.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2285.77 kN. 
           -. phiVsz   = phi*Vsz =     2057.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2285.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5538.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2285.77 kN. 
           -. phiVsy   = phi*Vsy =     2057.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       4.317 kN. 
           -. Vr       =    3506.192 kN. 
           -. Ratio    = Vu / Vr = 0.001  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        4.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        4.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114002,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1081.62       376.57       474.80      3243.67      3329.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1081.62       376.57       474.80      3243.67      3329.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      376.57 kN-m. 
           -. End Moments (My2) =      474.80 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      474.80 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      474.80 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3243.67 kN-m. 
           -. End Moments (Mz2) =     3329.80 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3329.80 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3329.80 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1644.826 kN. 
           -. Mry        =       725.946 kN-m. 
           -. Mrz        =      5054.348 kN-m. 
           -. Mr         =      5106.215 kN-m. 
           -. Pu/Pr      =   0.658  --->  O.K ! 
           -. Muy/Mry    =   0.654  --->  O.K ! 
           -. Muz/Mrz    =   0.659  --->  O.K ! 
           -. Mu/Mr      =   0.659  --->  O.K ! 
           -. Ratio      =   0.659  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2324.28 kN. 
           -. Vuz    =        412.77 kN. 
           -. Muy    =      -1058.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        145.93 kN. 
           -. Muz    =      -1542.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      412.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1240.35 kN. 
           -. phiVcz    = phi * Vcz =     1116.31 kN. 
 
           -. Vuy       =      145.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1197.63 kN. 
           -. phiVcy    = phi * Vcy =     1077.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5908.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.15 kN. 
           -. phiVsz   = phi*Vsz =     1911.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2100.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5950.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2100.52 kN. 
           -. phiVsy   = phi*Vsy =     1890.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     437.807 kN. 
           -. Vr       =    2968.337 kN. 
           -. Ratio    = Vu / Vr = 0.147  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      486.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      486.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114003,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1093.61       474.80       559.89      3329.80      3374.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1093.61       474.80       559.89      3329.80      3374.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      474.80 kN-m. 
           -. End Moments (My2) =      559.89 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      559.89 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      559.89 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3329.80 kN-m. 
           -. End Moments (Mz2) =     3374.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3374.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3374.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1627.241 kN. 
           -. Mry        =       838.058 kN-m. 
           -. Mrz        =      5035.559 kN-m. 
           -. Mr         =      5104.821 kN-m. 
           -. Pu/Pr      =   0.672  --->  O.K ! 
           -. Muy/Mry    =   0.668  --->  O.K ! 
           -. Muz/Mrz    =   0.670  --->  O.K ! 
           -. Mu/Mr      =   0.672  --->  O.K ! 
           -. Ratio      =   0.672  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2340.95 kN. 
           -. Vuz    =        351.22 kN. 
           -. Muy    =      -1223.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        111.31 kN. 
           -. Muz    =      -1549.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 829 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      351.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1232.09 kN. 
           -. phiVcz    = phi * Vcz =     1108.88 kN. 
 
           -. Vuy       =      111.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1189.29 kN. 
           -. phiVcy    = phi * Vcy =     1070.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2119.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5916.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2119.68 kN. 
           -. phiVsz   = phi*Vsz =     1907.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2095.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5959.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2095.76 kN. 
           -. phiVsy   = phi*Vsy =     1886.18 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     368.437 kN. 
           -. Vr       =    2956.541 kN. 
           -. Ratio    = Vu / Vr = 0.125  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      409.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      409.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114004,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1105.59       559.89       631.11      3374.46      3379.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1105.59       559.89       631.11      3374.46      3379.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      559.89 kN-m. 
           -. End Moments (My2) =      631.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      631.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      631.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3374.46 kN-m. 
           -. End Moments (Mz2) =     3379.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3379.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3379.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1629.087 kN. 
           -. Mry        =       937.456 kN-m. 
           -. Mrz        =      5018.149 kN-m. 
           -. Mr         =      5104.962 kN-m. 
           -. Pu/Pr      =   0.679  --->  O.K ! 
           -. Muy/Mry    =   0.673  --->  O.K ! 
           -. Muz/Mrz    =   0.674  --->  O.K ! 
           -. Mu/Mr      =   0.679  --->  O.K ! 
           -. Ratio      =   0.679  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2357.61 kN. 
           -. Vuz    =        290.99 kN. 
           -. Muy    =      -1359.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.72 
 
           -. Vuy    =         88.24 kN. 
           -. Muz    =      -1539.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      290.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1227.06 kN. 
           -. phiVcz    = phi * Vcz =     1104.35 kN. 
 
           -. Vuy       =       88.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1184.21 kN. 
           -. phiVcy    = phi * Vcy =     1065.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2116.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5921.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2116.93 kN. 
           -. phiVsz   = phi*Vsz =     1905.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2092.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5964.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2092.83 kN. 
           -. phiVsy   = phi*Vsy =     1883.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     304.073 kN. 
           -. Vr       =    2949.339 kN. 
           -. Ratio    = Vu / Vr = 0.103  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      337.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      337.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114005,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1105.58       631.11       688.54      3379.77      3348.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1105.58       631.11       688.54      3379.77      3348.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      631.11 kN-m. 
           -. End Moments (My2) =      688.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      631.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      631.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3348.29 kN-m. 
           -. End Moments (Mz2) =     3379.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3379.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3379.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1629.087 kN. 
           -. Mry        =       937.456 kN-m. 
           -. Mrz        =      5018.149 kN-m. 
           -. Mr         =      5104.962 kN-m. 
           -. Pu/Pr      =   0.679  --->  O.K ! 
           -. Muy/Mry    =   0.673  --->  O.K ! 
           -. Muz/Mrz    =   0.674  --->  O.K ! 
           -. Mu/Mr      =   0.679  --->  O.K ! 
           -. Ratio      =   0.679  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2374.28 kN. 
           -. Vuz    =        232.67 kN. 
           -. Muy    =      -1466.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =         81.62 kN. 
           -. Muz    =      -1514.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      232.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1225.13 kN. 
           -. phiVcz    = phi * Vcz =     1102.62 kN. 
 
           -. Vuy       =       81.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1182.27 kN. 
           -. phiVcy    = phi * Vcy =     1064.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2115.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5923.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2115.88 kN. 
           -. phiVsz   = phi*Vsz =     1904.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2091.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5966.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2091.71 kN. 
           -. phiVsy   = phi*Vsy =     1882.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     246.572 kN. 
           -. Vr       =    2946.576 kN. 
           -. Ratio    = Vu / Vr = 0.084  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      273.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      273.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114006,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1117.57       688.54       733.21      3348.29      3282.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1117.57       688.54       733.21      3348.29      3282.93 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      688.54 kN-m. 
           -. End Moments (My2) =      733.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      688.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      688.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3282.93 kN-m. 
           -. End Moments (Mz2) =     3348.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3348.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3348.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1674.270 kN. 
           -. Mry        =      1027.354 kN-m. 
           -. Mrz        =      5004.186 kN-m. 
           -. Mr         =      5108.555 kN-m. 
           -. Pu/Pr      =   0.667  --->  O.K ! 
           -. Muy/Mry    =   0.670  --->  O.K ! 
           -. Muz/Mrz    =   0.669  --->  O.K ! 
           -. Mu/Mr      =   0.670  --->  O.K ! 
           -. Ratio      =   0.670  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2390.94 kN. 
           -. Vuz    =        176.90 kN. 
           -. Muy    =      -1547.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =         88.10 kN. 
           -. Muz    =      -1475.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      176.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1225.98 kN. 
           -. phiVcz    = phi * Vcz =     1103.38 kN. 
 
           -. Vuy       =       88.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1183.12 kN. 
           -. phiVcy    = phi * Vcy =     1064.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2116.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5922.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2116.34 kN. 
           -. phiVsz   = phi*Vsz =     1904.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2092.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5965.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2092.20 kN. 
           -. phiVsy   = phi*Vsy =     1882.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     197.619 kN. 
           -. Vr       =    2947.791 kN. 
           -. Ratio    = Vu / Vr = 0.067  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      219.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      219.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114007,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1129.56       733.21       767.10      3282.93      3186.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1129.56       733.21       767.10      3282.93      3186.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      733.21 kN-m. 
           -. End Moments (My2) =      767.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 843 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      733.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      733.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3186.94 kN-m. 
           -. End Moments (Mz2) =     3282.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3282.93 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3282.93 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1717.388 kN. 
           -. Mry        =      1110.343 kN-m. 
           -. Mrz        =      4989.929 kN-m. 
           -. Mr         =      5111.971 kN-m. 
           -. Pu/Pr      =   0.658  --->  O.K ! 
           -. Muy/Mry    =   0.660  --->  O.K ! 
           -. Muz/Mrz    =   0.658  --->  O.K ! 
           -. Mu/Mr      =   0.660  --->  O.K ! 
           -. Ratio      =   0.660  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2356.63 kN. 
           -. Vuz    =         74.33 kN. 
           -. Muy    =       -743.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
 
           -. Vuy    =        194.77 kN. 
           -. Muz    =      -3255.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       74.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1060.98 kN. 
           -. phiVcz    = phi * Vcz =      954.88 kN. 
 
           -. Vuy       =      194.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1017.66 kN. 
           -. phiVcy    = phi * Vcy =      915.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2015.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6087.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2015.37 kN. 
           -. phiVsz   = phi*Vsz =     1813.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1984.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6130.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1984.84 kN. 
           -. phiVsy   = phi*Vsy =     1786.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     208.468 kN. 
           -. Vr       =    2702.251 kN. 
           -. Ratio    = Vu / Vr = 0.077  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      231.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      231.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0070 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0070 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0070 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114008,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1141.54       767.10       790.74      3186.94      3063.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1141.54       767.10       790.74      3186.94      3063.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      767.10 kN-m. 
           -. End Moments (My2) =      790.74 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      767.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      767.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3063.86 kN-m. 
           -. End Moments (Mz2) =     3186.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3186.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3186.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1765.516 kN. 
           -. Mry        =      1193.230 kN-m. 
           -. Mrz        =      4973.284 kN-m. 
           -. Mr         =      5114.426 kN-m. 
           -. Pu/Pr      =   0.647  --->  O.K ! 
           -. Muy/Mry    =   0.643  --->  O.K ! 
           -. Muz/Mrz    =   0.641  --->  O.K ! 
           -. Mu/Mr      =   0.647  --->  O.K ! 
           -. Ratio      =   0.647  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2373.29 kN. 
           -. Vuz    =         49.83 kN. 
           -. Muy    =       -774.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.36 
 
           -. Vuy    =        245.54 kN. 
           -. Muz    =      -3163.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       49.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1065.66 kN. 
           -. phiVcz    = phi * Vcz =      959.10 kN. 
 
           -. Vuy       =      245.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1022.33 kN. 
           -. phiVcy    = phi * Vcy =      920.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2018.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6082.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2018.56 kN. 
           -. phiVsz   = phi*Vsz =     1816.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1988.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6126.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1988.22 kN. 
           -. phiVsy   = phi*Vsy =     1789.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     250.541 kN. 
           -. Vr       =    2709.500 kN. 
           -. Ratio    = Vu / Vr = 0.092  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      278.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      278.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0068 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0068 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0068 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114009,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1153.53       790.74       803.04      3063.86      2917.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1153.53       790.74       803.04      3063.86      2917.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      790.74 kN-m. 
           -. End Moments (My2) =      803.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      790.74 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      790.74 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2917.46 kN-m. 
           -. End Moments (Mz2) =     3063.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3063.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3063.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 852 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1869.369 kN. 
           -. Mry        =      1280.011 kN-m. 
           -. Mrz        =      4956.275 kN-m. 
           -. Mr         =      5118.896 kN-m. 
           -. Pu/Pr      =   0.617  --->  O.K ! 
           -. Muy/Mry    =   0.618  --->  O.K ! 
           -. Muz/Mrz    =   0.618  --->  O.K ! 
           -. Mu/Mr      =   0.618  --->  O.K ! 
           -. Ratio      =   0.618  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2389.96 kN. 
           -. Vuz    =         27.78 kN. 
           -. Muy    =       -795.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.38 
 
           -. Vuy    =        290.63 kN. 
           -. Muz    =      -3043.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       27.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1073.87 kN. 
           -. phiVcz    = phi * Vcz =      966.49 kN. 
 
           -. Vuy       =      290.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1030.52 kN. 
           -. phiVcy    = phi * Vcy =      927.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2024.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6074.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2024.11 kN. 
           -. phiVsz   = phi*Vsz =     1821.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1994.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6117.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1994.10 kN. 
           -. phiVsy   = phi*Vsy =     1794.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     291.955 kN. 
           -. Vr       =    2722.162 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      324.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      324.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0065 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0065 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0065 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114010,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1165.52       803.04       803.48      2917.46      2748.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1165.52       803.04       803.48      2917.46      2748.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      803.04 kN-m. 
           -. End Moments (My2) =      803.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      803.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      803.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2748.52 kN-m. 
           -. End Moments (Mz2) =     2917.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2917.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2917.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1970.297 kN. 
           -. Mry        =      1364.026 kN-m. 
           -. Mrz        =      4938.447 kN-m. 
           -. Mr         =      5123.360 kN-m. 
           -. Pu/Pr      =   0.592  --->  O.K ! 
           -. Muy/Mry    =   0.589  --->  O.K ! 
           -. Muz/Mrz    =   0.591  --->  O.K ! 
           -. Mu/Mr      =   0.592  --->  O.K ! 
           -. Ratio      =   0.592  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2406.62 kN. 
           -. Vuz    =         20.07 kN. 
           -. Muy    =       -805.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.66 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
 
           -. Vuy    =        334.85 kN. 
           -. Muz    =      -2901.04 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.31 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       20.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1085.07 kN. 
           -. phiVcz    = phi * Vcz =      976.56 kN. 
 
           -. Vuy       =      334.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1041.70 kN. 
           -. phiVcy    = phi * Vcy =      937.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2031.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6063.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2031.56 kN. 
           -. phiVsz   = phi*Vsz =     1828.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2002.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6106.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2002.02 kN. 
           -. phiVsy   = phi*Vsy =     1801.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     335.447 kN. 
           -. Vr       =    2739.345 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      372.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      372.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0061 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0062 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0062 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114011,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1177.50       803.48       786.78      2748.52      2550.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1177.50       803.48       786.78      2748.52      2550.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      786.78 kN-m. 
           -. End Moments (My2) =      803.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      803.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      803.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2550.12 kN-m. 
           -. End Moments (Mz2) =     2748.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2748.52 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2748.52 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2097.795 kN. 
           -. Mry        =      1437.634 kN-m. 
           -. Mrz        =      4929.747 kN-m. 
           -. Mr         =      5135.095 kN-m. 
           -. Pu/Pr      =   0.561  --->  O.K ! 
           -. Muy/Mry    =   0.559  --->  O.K ! 
           -. Muz/Mrz    =   0.558  --->  O.K ! 
           -. Mu/Mr      =   0.561  --->  O.K ! 
           -. Ratio      =   0.561  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2423.28 kN. 
           -. Vuz    =         42.57 kN. 
           -. Muy    =       -804.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.43 
 
           -. Vuy    =        393.10 kN. 
           -. Muz    =      -2735.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 861 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       42.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1097.79 kN. 
           -. phiVcz    = phi * Vcz =      988.02 kN. 
 
           -. Vuy       =      393.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1054.41 kN. 
           -. phiVcy    = phi * Vcy =      948.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2039.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6050.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2039.89 kN. 
           -. phiVsz   = phi*Vsz =     1835.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2010.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6094.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2010.86 kN. 
           -. phiVsy   = phi*Vsy =     1809.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     395.394 kN. 
           -. Vr       =    2758.745 kN. 
           -. Ratio    = Vu / Vr = 0.143  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      439.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      439.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0057 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0058 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0058 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114012,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1189.49       786.78       755.35      2550.12      2339.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1189.49       786.78       755.35      2550.12      2339.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      755.35 kN-m. 
           -. End Moments (My2) =      786.78 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 863 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      786.78 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      786.78 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2339.30 kN-m. 
           -. End Moments (Mz2) =     2550.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2550.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2550.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2286.642 kN. 
           -. Mry        =      1515.965 kN-m. 
           -. Mrz        =      4916.865 kN-m. 
           -. Mr         =      5145.261 kN-m. 
           -. Pu/Pr      =   0.520  --->  O.K ! 
           -. Muy/Mry    =   0.519  --->  O.K ! 
           -. Muz/Mrz    =   0.519  --->  O.K ! 
           -. Mu/Mr      =   0.520  --->  O.K ! 
           -. Ratio      =   0.520  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2439.94 kN. 
           -. Vuz    =         68.95 kN. 
           -. Muy    =       -786.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        436.91 kN. 
           -. Muz    =      -2540.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       68.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1116.60 kN. 
           -. phiVcz    = phi * Vcz =     1004.94 kN. 
 
           -. Vuy       =      436.91 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1073.22 kN. 
           -. phiVcy    = phi * Vcy =      965.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2051.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6031.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2051.94 kN. 
           -. phiVsz   = phi*Vsz =     1846.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2023.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6075.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2023.67 kN. 
           -. phiVsy   = phi*Vsy =     1821.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     442.314 kN. 
           -. Vr       =    2787.193 kN. 
           -. Ratio    = Vu / Vr = 0.159  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      491.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      491.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114013,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1201.48       755.35       711.87      2339.30      2118.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1201.48       755.35       711.87      2339.30      2118.91 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      711.87 kN-m. 
           -. End Moments (My2) =      755.35 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      755.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      755.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2118.91 kN-m. 
           -. End Moments (Mz2) =     2339.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2339.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2339.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2532.274 kN. 
           -. Mry        =      1585.249 kN-m. 
           -. Mrz        =      4909.438 kN-m. 
           -. Mr         =      5159.031 kN-m. 
           -. Pu/Pr      =   0.474  --->  O.K ! 
           -. Muy/Mry    =   0.476  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.476  --->  O.K ! 
           -. Ratio      =   0.476  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2456.60 kN. 
           -. Vuz    =         90.84 kN. 
           -. Muy    =       -753.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.52 
 
           -. Vuy    =        465.61 kN. 
           -. Muz    =      -2331.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.56 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.43 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       90.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1140.02 kN. 
           -. phiVcz    = phi * Vcz =     1026.02 kN. 
 
           -. Vuy       =      465.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1096.67 kN. 
           -. phiVcy    = phi * Vcy =      987.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2066.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6008.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2066.52 kN. 
           -. phiVsz   = phi*Vsz =     1859.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2039.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6051.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2039.16 kN. 
           -. phiVsy   = phi*Vsy =     1835.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     474.387 kN. 
           -. Vr       =    2822.252 kN. 
           -. Ratio    = Vu / Vr = 0.168  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      527.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      527.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114014,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1213.47       711.87       659.12      2118.91      1888.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1213.47       711.87       659.12      2118.91      1888.56 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      659.12 kN-m. 
           -. End Moments (My2) =      711.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      711.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      711.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1888.56 kN-m. 
           -. End Moments (Mz2) =     2118.91 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2118.91 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2118.91 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2814.275 kN. 
           -. Mry        =      1636.140 kN-m. 
           -. Mrz        =      4906.075 kN-m. 
           -. Mr         =      5171.704 kN-m. 
           -. Pu/Pr      =   0.431  --->  O.K ! 
           -. Muy/Mry    =   0.435  --->  O.K ! 
           -. Muz/Mrz    =   0.432  --->  O.K ! 
           -. Mu/Mr      =   0.435  --->  O.K ! 
           -. Ratio      =   0.435  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2473.26 kN. 
           -. Vuz    =        107.57 kN. 
           -. Muy    =       -708.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.00 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.59 
 
           -. Vuy    =        479.37 kN. 
           -. Muz    =      -2113.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.49 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      107.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1168.16 kN. 
           -. phiVcz    = phi * Vcz =     1051.34 kN. 
 
           -. Vuy       =      479.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1124.91 kN. 
           -. phiVcy    = phi * Vcy =     1012.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2083.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5980.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2083.45 kN. 
           -. phiVsz   = phi*Vsz =     1875.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2057.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6023.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2057.17 kN. 
           -. phiVsy   = phi*Vsy =     1851.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     491.294 kN. 
           -. Vr       =    2863.878 kN. 
           -. Ratio    = Vu / Vr = 0.172  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      545.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      545.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114015,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1225.45       659.12       599.96      1888.56      1655.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1225.45       659.12       599.96      1888.56      1655.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      599.96 kN-m. 
           -. End Moments (My2) =      659.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      659.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      659.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1655.70 kN-m. 
           -. End Moments (Mz2) =     1888.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1888.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1888.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3205.577 kN. 
           -. Mry        =      1709.591 kN-m. 
           -. Mrz        =      4898.801 kN-m. 
           -. Mr         =      5188.541 kN-m. 
           -. Pu/Pr      =   0.382  --->  O.K ! 
           -. Muy/Mry    =   0.386  --->  O.K ! 
           -. Muz/Mrz    =   0.386  --->  O.K ! 
           -. Mu/Mr      =   0.386  --->  O.K ! 
           -. Ratio      =   0.386  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2489.92 kN. 
           -. Vuz    =        119.56 kN. 
           -. Muy    =       -655.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
 
           -. Vuy    =        478.98 kN. 
           -. Muz    =      -1885.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      119.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1201.53 kN. 
           -. phiVcz    = phi * Vcz =     1081.37 kN. 
 
           -. Vuy       =      478.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1158.48 kN. 
           -. phiVcy    = phi * Vcy =     1042.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2102.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5946.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2102.73 kN. 
           -. phiVsz   = phi*Vsz =     1892.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2077.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5990.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2077.70 kN. 
           -. phiVsy   = phi*Vsy =     1869.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     493.681 kN. 
           -. Vr       =    2912.559 kN. 
           -. Ratio    = Vu / Vr = 0.170  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      548.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      548.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114016,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2506.58      -595.73      -532.52     -1654.43     -1427.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2506.58      -595.73      -532.52     -1654.43     -1427.75 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      532.52 kN-m. 
           -. End Moments (My2) =      595.73 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -595.73 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -595.73 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1427.75 kN-m. 
           -. End Moments (Mz2) =     1654.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1654.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1654.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7250.635 kN. 
           -. Mry        =      1727.835 kN-m. 
           -. Mrz        =      4821.381 kN-m. 
           -. Mr         =      5121.633 kN-m. 
           -. Pu/Pr      =   0.346  --->  O.K ! 
           -. Muy/Mry    =   0.345  --->  O.K ! 
           -. Muz/Mrz    =   0.343  --->  O.K ! 
           -. Mu/Mr      =   0.346  --->  O.K ! 
           -. Ratio      =   0.346  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2506.58 kN. 
           -. Vuz    =        126.64 kN. 
           -. Muy    =       -595.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        465.68 kN. 
           -. Muz    =      -1654.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      126.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1239.48 kN. 
           -. phiVcz    = phi * Vcz =     1115.53 kN. 
 
           -. Vuy       =      465.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1196.75 kN. 
           -. phiVcy    = phi * Vcy =     1077.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.68 kN. 
           -. phiVsz   = phi*Vsz =     1911.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2100.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5951.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2100.02 kN. 
           -. phiVsy   = phi*Vsy =     1890.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     482.596 kN. 
           -. Vr       =    2967.094 kN. 
           -. Ratio    = Vu / Vr = 0.163  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      536.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      536.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114017,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2523.24      -532.52      -468.23     -1427.75     -1211.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2523.24      -532.52      -468.23     -1427.75     -1211.33 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      468.23 kN-m. 
           -. End Moments (My2) =      532.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -532.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -532.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1211.33 kN-m. 
           -. End Moments (Mz2) =     1427.75 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1427.75 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1427.75 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8333.237 kN. 
           -. Mry        =      1752.292 kN-m. 
           -. Mrz        =      4686.197 kN-m. 
           -. Mr         =      5003.096 kN-m. 
           -. Pu/Pr      =   0.303  --->  O.K ! 
           -. Muy/Mry    =   0.304  --->  O.K ! 
           -. Muz/Mrz    =   0.305  --->  O.K ! 
           -. Mu/Mr      =   0.305  --->  O.K ! 
           -. Ratio      =   0.305  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2523.24 kN. 
           -. Vuz    =        128.76 kN. 
           -. Muy    =       -532.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        441.03 kN. 
           -. Muz    =      -1427.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      128.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1281.16 kN. 
           -. phiVcz    = phi * Vcz =     1153.04 kN. 
 
           -. Vuy       =      441.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1238.91 kN. 
           -. phiVcy    = phi * Vcy =     1115.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5867.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.56 kN. 
           -. phiVsz   = phi*Vsz =     1931.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.37 kN. 
           -. phiVsy   = phi*Vsy =     1911.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     459.440 kN. 
           -. Vr       =    3026.048 kN. 
           -. Ratio    = Vu / Vr = 0.152  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      510.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      510.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114018,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2539.90      -468.23      -405.10     -1211.33     -1009.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2539.90      -468.23      -405.10     -1211.33     -1009.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      405.10 kN-m. 
           -. End Moments (My2) =      468.23 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -468.23 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -468.23 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1009.90 kN-m. 
           -. End Moments (Mz2) =     1211.33 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1211.33 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1211.33 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9504.272 kN. 
           -. Mry        =      1763.601 kN-m. 
           -. Mrz        =      4546.031 kN-m. 
           -. Mr         =      4876.135 kN-m. 
           -. Pu/Pr      =   0.267  --->  O.K ! 
           -. Muy/Mry    =   0.265  --->  O.K ! 
           -. Muz/Mrz    =   0.266  --->  O.K ! 
           -. Mu/Mr      =   0.267  --->  O.K ! 
           -. Ratio      =   0.267  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2539.90 kN. 
           -. Vuz    =        126.37 kN. 
           -. Muy    =       -468.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        406.78 kN. 
           -. Muz    =      -1211.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 889 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      126.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1325.64 kN. 
           -. phiVcz    = phi * Vcz =     1193.07 kN. 
 
           -. Vuy       =      406.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1284.05 kN. 
           -. phiVcy    = phi * Vcy =     1155.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2167.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5822.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2167.73 kN. 
           -. phiVsz   = phi*Vsz =     1950.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2147.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5864.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2147.04 kN. 
           -. phiVsy   = phi*Vsy =     1932.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     425.955 kN. 
           -. Vr       =    3087.976 kN. 
           -. Ratio    = Vu / Vr = 0.138  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      473.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      473.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114019,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2556.56      -405.10      -345.11     -1009.90      -827.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2556.56      -405.10      -345.11     -1009.90      -827.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      345.11 kN-m. 
           -. End Moments (My2) =      405.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 891 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -405.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -405.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      827.35 kN-m. 
           -. End Moments (Mz2) =     1009.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1009.90 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1009.90 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11139.819 kN. 
           -. Mry        =      1754.326 kN-m. 
           -. Mrz        =      4388.959 kN-m. 
           -. Mr         =      4726.586 kN-m. 
           -. Pu/Pr      =   0.229  --->  O.K ! 
           -. Muy/Mry    =   0.231  --->  O.K ! 
           -. Muz/Mrz    =   0.230  --->  O.K ! 
           -. Mu/Mr      =   0.231  --->  O.K ! 
           -. Ratio      =   0.231  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2556.56 kN. 
           -. Vuz    =        120.05 kN. 
           -. Muy    =       -405.10 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        367.15 kN. 
           -. Muz    =      -1009.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      120.05 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1371.47 kN. 
           -. phiVcz    = phi * Vcz =     1234.33 kN. 
 
           -. Vuy       =      367.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1330.71 kN. 
           -. phiVcy    = phi * Vcy =     1197.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2189.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5777.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2189.37 kN. 
           -. phiVsz   = phi*Vsz =     1970.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5817.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.18 kN. 
           -. phiVsy   = phi*Vsy =     1953.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     386.278 kN. 
           -. Vr       =    3150.803 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      429.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      429.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=9.4787e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0001 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114020,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2573.22      -345.11      -289.93      -827.35      -667.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2573.22      -345.11      -289.93      -827.35      -667.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      289.93 kN-m. 
           -. End Moments (My2) =      345.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -345.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -345.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      667.32 kN-m. 
           -. End Moments (Mz2) =      827.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -827.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -827.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12969.759 kN. 
           -. Mry        =      1743.651 kN-m. 
           -. Mrz        =      4194.303 kN-m. 
           -. Mr         =      4542.300 kN-m. 
           -. Pu/Pr      =   0.198  --->  O.K ! 
           -. Muy/Mry    =   0.198  --->  O.K ! 
           -. Muz/Mrz    =   0.197  --->  O.K ! 
           -. Mu/Mr      =   0.198  --->  O.K ! 
           -. Ratio      =   0.198  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2573.22 kN. 
           -. Vuz    =        110.41 kN. 
           -. Muy    =       -345.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.14 
 
           -. Vuy    =        321.91 kN. 
           -. Muz    =       -827.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.05 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 897 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      110.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1417.72 kN. 
           -. phiVcz    = phi * Vcz =     1275.94 kN. 
 
           -. Vuy       =      321.91 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1377.96 kN. 
           -. phiVcy    = phi * Vcy =     1240.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2210.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5730.77 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2210.08 kN. 
           -. phiVsz   = phi*Vsz =     1989.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2192.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5770.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2192.34 kN. 
           -. phiVsy   = phi*Vsy =     1973.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     340.319 kN. 
           -. Vr       =    3213.268 kN. 
           -. Ratio    = Vu / Vr = 0.106  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      378.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      378.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114021,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2589.88      -289.93      -240.63      -667.32      -530.92 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2589.88      -289.93      -240.63      -667.32      -530.92 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      240.63 kN-m. 
           -. End Moments (My2) =      289.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -289.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -289.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      530.92 kN-m. 
           -. End Moments (Mz2) =      667.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -667.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -667.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15252.935 kN. 
           -. Mry        =      1694.499 kN-m. 
           -. Mrz        =      3903.435 kN-m. 
           -. Mr         =      4255.365 kN-m. 
           -. Pu/Pr      =   0.170  --->  O.K ! 
           -. Muy/Mry    =   0.171  --->  O.K ! 
           -. Muz/Mrz    =   0.171  --->  O.K ! 
           -. Mu/Mr      =   0.171  --->  O.K ! 
           -. Ratio      =   0.171  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2589.88 kN. 
           -. Vuz    =         98.60 kN. 
           -. Muy    =       -289.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
 
           -. Vuy    =        274.03 kN. 
           -. Muz    =       -667.32 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.15 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       98.60 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1462.61 kN. 
           -. phiVcz    = phi * Vcz =     1316.35 kN. 
 
           -. Vuy       =      274.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1423.98 kN. 
           -. phiVcy    = phi * Vcy =     1281.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2229.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5685.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2229.18 kN. 
           -. phiVsz   = phi*Vsz =     2006.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2212.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5724.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2212.80 kN. 
           -. phiVsy   = phi*Vsy =     1991.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     291.230 kN. 
           -. Vr       =    3273.102 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      323.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      323.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114022,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2606.53      -240.63      -196.45      -530.92      -413.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2606.53      -240.63      -196.45      -530.92      -413.15 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      196.45 kN-m. 
           -. End Moments (My2) =      240.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -240.63 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -240.63 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      413.15 kN-m. 
           -. End Moments (Mz2) =      530.92 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -530.92 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -530.92 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17428.112 kN. 
           -. Mry        =      1615.128 kN-m. 
           -. Mrz        =      3566.573 kN-m. 
           -. Mr         =      3915.237 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2606.53 kN. 
           -. Vuz    =         88.38 kN. 
           -. Muy    =       -240.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =        236.40 kN. 
           -. Muz    =       -530.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.24 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 905 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       88.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1502.49 kN. 
           -. phiVcz    = phi * Vcz =     1352.24 kN. 
 
           -. Vuy       =      236.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1464.99 kN. 
           -. phiVcy    = phi * Vcy =     1318.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2245.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5646.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2245.37 kN. 
           -. phiVsz   = phi*Vsz =     2020.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2230.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5683.50 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2230.16 kN. 
           -. phiVsy   = phi*Vsy =     2007.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     252.376 kN. 
           -. Vr       =    3325.637 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      280.42 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      280.42 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114023,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3406.73       -50.75       -40.70       -80.25       -66.73 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3406.73       -50.75       -40.70       -80.25       -66.73 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       40.70 kN-m. 
           -. End Moments (My2) =       50.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -40.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -40.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       66.73 kN-m. 
           -. End Moments (Mz2) =       80.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -66.73 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -66.73 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       291.645 kN-m. 
           -. Mrz        =       477.965 kN-m. 
           -. Mr         =       559.917 kN-m. 
           -. Pu/Pr      =   0.140  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2623.19 kN. 
           -. Vuz    =         77.49 kN. 
           -. Muy    =       -196.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =        199.10 kN. 
           -. Muz    =       -413.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.33 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       77.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1539.71 kN. 
           -. phiVcz    = phi * Vcz =     1385.74 kN. 
 
           -. Vuy       =      199.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1503.39 kN. 
           -. phiVcy    = phi * Vcy =     1353.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2259.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5608.77 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2259.88 kN. 
           -. phiVsz   = phi*Vsz =     2033.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2245.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5645.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2245.73 kN. 
           -. phiVsy   = phi*Vsy =     2021.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     213.646 kN. 
           -. Vr       =    3374.203 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      237.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      237.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114024,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3423.38       -40.70       -32.12       -66.73       -54.68 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3423.38       -40.70       -32.12       -66.73       -54.68 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       32.12 kN-m. 
           -. End Moments (My2) =       40.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -32.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -32.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       54.68 kN-m. 
           -. End Moments (Mz2) =       66.73 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -54.68 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -54.68 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       229.038 kN-m. 
           -. Mrz        =       389.757 kN-m. 
           -. Mr         =       452.072 kN-m. 
           -. Pu/Pr      =   0.140  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2639.85 kN. 
           -. Vuz    =         66.37 kN. 
           -. Muy    =       -157.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.48 
 
           -. Vuy    =        162.97 kN. 
           -. Muz    =       -313.95 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1573.51 kN. 
           -. phiVcz    = phi * Vcz =     1416.16 kN. 
 
           -. Vuy       =      162.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1538.34 kN. 
           -. phiVcy    = phi * Vcy =     1384.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2272.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5574.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2272.57 kN. 
           -. phiVsz   = phi*Vsz =     2045.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2259.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5610.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2259.35 kN. 
           -. phiVsy   = phi*Vsy =     2033.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     175.966 kN. 
           -. Vr       =    3417.921 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      195.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      195.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114025,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3440.04       -32.12       -24.98       -54.68       -44.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3440.04       -32.12       -24.98       -54.68       -44.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       24.98 kN-m. 
           -. End Moments (My2) =       32.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -24.98 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -24.98 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       44.17 kN-m. 
           -. End Moments (Mz2) =       54.68 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -44.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -44.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       177.130 kN-m. 
           -. Mrz        =       313.428 kN-m. 
           -. Mr         =       360.017 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.141  --->  O.K ! 
           -. Muz/Mrz    =   0.141  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2656.51 kN. 
           -. Vuz    =         55.36 kN. 
           -. Muy    =       -124.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =        128.76 kN. 
           -. Muz    =       -232.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.47 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       55.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1603.24 kN. 
           -. phiVcz    = phi * Vcz =     1442.92 kN. 
 
           -. Vuy       =      128.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1569.15 kN. 
           -. phiVcy    = phi * Vcy =     1412.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2283.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5545.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2283.37 kN. 
           -. phiVsz   = phi*Vsz =     2055.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2270.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5579.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2270.96 kN. 
           -. phiVsy   = phi*Vsy =     2043.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     140.154 kN. 
           -. Vr       =    3456.099 kN. 
           -. Ratio    = Vu / Vr = 0.041  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      155.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      155.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114026,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3456.69       -24.98       -18.82       -44.17       -34.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3456.69       -24.98       -18.82       -44.17       -34.78 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       18.82 kN-m. 
           -. End Moments (My2) =       24.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -18.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -18.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       34.78 kN-m. 
           -. End Moments (Mz2) =       44.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -34.78 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -34.78 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       132.658 kN-m. 
           -. Mrz        =       245.692 kN-m. 
           -. Mr         =       279.218 kN-m. 
           -. Pu/Pr      =   0.142  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.142  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2673.17 kN. 
           -. Vuz    =         47.80 kN. 
           -. Muy    =        -96.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.60 
 
           -. Vuy    =        106.12 kN. 
           -. Muz    =       -168.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       47.80 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1626.15 kN. 
           -. phiVcz    = phi * Vcz =     1463.53 kN. 
 
           -. Vuy       =      106.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1592.95 kN. 
           -. phiVcy    = phi * Vcy =     1433.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2291.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5522.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2291.47 kN. 
           -. phiVsz   = phi*Vsz =     2062.32 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2279.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5555.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2279.66 kN. 
           -. phiVsy   = phi*Vsy =     2051.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     116.387 kN. 
           -. Vr       =    3485.349 kN. 
           -. Ratio    = Vu / Vr = 0.033  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      129.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      129.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114027,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3473.35       -18.82       -13.49       -34.78       -26.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3473.35       -18.82       -13.49       -34.78       -26.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.49 kN-m. 
           -. End Moments (My2) =       18.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       26.38 kN-m. 
           -. End Moments (Mz2) =       34.78 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -26.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -26.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        94.957 kN-m. 
           -. Mrz        =       185.236 kN-m. 
           -. Mr         =       208.157 kN-m. 
           -. Pu/Pr      =   0.142  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.142  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2689.82 kN. 
           -. Vuz    =         41.38 kN. 
           -. Muy    =        -72.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =         87.56 kN. 
           -. Muz    =       -116.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       41.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1645.21 kN. 
           -. phiVcz    = phi * Vcz =     1480.69 kN. 
 
           -. Vuy       =       87.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.78 kN. 
           -. phiVcy    = phi * Vcy =     1451.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2298.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5503.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2298.07 kN. 
           -. phiVsz   = phi*Vsz =     2068.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5535.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.76 kN. 
           -. phiVsy   = phi*Vsy =     2058.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      96.842 kN. 
           -. Vr       =    3509.588 kN. 
           -. Ratio    = Vu / Vr = 0.028  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      107.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      107.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114028,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3490.01       -13.49        -8.90       -26.38       -18.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3490.01       -13.49        -8.90       -26.38       -18.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.90 kN-m. 
           -. End Moments (My2) =       13.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       18.90 kN-m. 
           -. End Moments (Mz2) =       26.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -18.90 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -18.90 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        62.242 kN-m. 
           -. Mrz        =       132.162 kN-m. 
           -. Mr         =       146.085 kN-m. 
           -. Pu/Pr      =   0.143  --->  O.K ! 
           -. Muy/Mry    =   0.143  --->  O.K ! 
           -. Muz/Mrz    =   0.143  --->  O.K ! 
           -. Mu/Mr      =   0.143  --->  O.K ! 
           -. Ratio      =   0.143  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2706.48 kN. 
           -. Vuz    =         35.63 kN. 
           -. Muy    =        -52.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.68 
 
           -. Vuy    =         71.46 kN. 
           -. Muz    =        -72.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       35.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1661.13 kN. 
           -. phiVcz    = phi * Vcz =     1495.02 kN. 
 
           -. Vuy       =       71.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1629.36 kN. 
           -. phiVcy    = phi * Vcy =     1466.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2303.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5487.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2303.49 kN. 
           -. phiVsz   = phi*Vsz =     2073.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2292.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5519.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2292.59 kN. 
           -. phiVsy   = phi*Vsy =     2063.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      79.850 kN. 
           -. Vr       =    3529.752 kN. 
           -. Ratio    = Vu / Vr = 0.023  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       88.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       88.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114029,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3506.66        -8.90        -4.96       -18.90       -12.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3506.66        -8.90        -4.96       -18.90       -12.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.96 kN-m. 
           -. End Moments (My2) =        8.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       12.52 kN-m. 
           -. End Moments (Mz2) =       18.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -12.52 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -12.52 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        34.566 kN-m. 
           -. Mrz        =        87.128 kN-m. 
           -. Mr         =        93.734 kN-m. 
           -. Pu/Pr      =   0.144  --->  O.K ! 
           -. Muy/Mry    =   0.143  --->  O.K ! 
           -. Muz/Mrz    =   0.144  --->  O.K ! 
           -. Mu/Mr      =   0.144  --->  O.K ! 
           -. Ratio      =   0.144  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2757.48 kN. 
           -. Vuz    =         59.92 kN. 
           -. Muy    =        -65.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.68 
 
           -. Vuy    =         27.54 kN. 
           -. Muz    =        -21.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       59.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1664.19 kN. 
           -. phiVcz    = phi * Vcz =     1497.77 kN. 
 
           -. Vuy       =       27.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1632.55 kN. 
           -. phiVcy    = phi * Vcy =     1469.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2304.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5484.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2304.52 kN. 
           -. phiVsz   = phi*Vsz =     2074.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2293.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5515.93 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2293.70 kN. 
           -. phiVsy   = phi*Vsy =     2064.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      65.944 kN. 
           -. Vr       =    3533.627 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       73.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       73.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 934 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114030,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3523.32        -4.96        -2.12       -12.52        -9.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3523.32        -4.96        -2.12       -12.52        -9.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.12 kN-m. 
           -. End Moments (My2) =        4.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.61 kN-m. 
           -. End Moments (Mz2) =       12.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        14.729 kN-m. 
           -. Mrz        =        66.555 kN-m. 
           -. Mr         =        68.166 kN-m. 
           -. Pu/Pr      =   0.144  --->  O.K ! 
           -. Muy/Mry    =   0.144  --->  O.K ! 
           -. Muz/Mrz    =   0.144  --->  O.K ! 
           -. Mu/Mr      =   0.144  --->  O.K ! 
           -. Ratio      =   0.144  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2790.80 kN. 
           -. Vuz    =         43.51 kN. 
           -. Muy    =        -13.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.70 
 
           -. Vuy    =         18.14 kN. 
           -. Muz    =        -13.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.63 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       43.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1673.14 kN. 
           -. phiVcz    = phi * Vcz =     1505.83 kN. 
 
           -. Vuy       =       18.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1641.88 kN. 
           -. phiVcy    = phi * Vcy =     1477.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2307.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5475.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2307.52 kN. 
           -. phiVsz   = phi*Vsz =     2076.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2296.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5506.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2296.93 kN. 
           -. phiVsy   = phi*Vsy =     2067.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      47.143 kN. 
           -. Vr       =    3544.927 kN. 
           -. Ratio    = Vu / Vr = 0.013  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       52.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       52.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114031,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3539.97        -2.12        -0.93        -9.61        -7.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3539.97        -2.12        -0.93        -9.61        -7.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.93 kN-m. 
           -. End Moments (My2) =        2.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        7.18 kN-m. 
           -. End Moments (Mz2) =        9.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -7.18 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -7.18 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         6.483 kN-m. 
           -. Mrz        =        49.527 kN-m. 
           -. Mr         =        49.950 kN-m. 
           -. Pu/Pr      =   0.145  --->  O.K ! 
           -. Muy/Mry    =   0.144  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2807.45 kN. 
           -. Vuz    =         24.12 kN. 
           -. Muy    =         -1.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.72 
 
           -. Vuy    =          8.00 kN. 
           -. Muz    =        -13.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       24.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1682.21 kN. 
           -. phiVcz    = phi * Vcz =     1513.99 kN. 
 
           -. Vuy       =        8.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1651.34 kN. 
           -. phiVcy    = phi * Vcy =     1486.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2310.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5466.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2310.53 kN. 
           -. phiVsz   = phi*Vsz =     2079.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2300.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5497.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2300.17 kN. 
           -. phiVsy   = phi*Vsy =     2070.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      25.409 kN. 
           -. Vr       =    3556.358 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       28.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       28.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114032,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3556.63        -0.93        -0.84        -7.18        -4.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3556.63        -0.93        -0.84        -7.18        -4.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.84 kN-m. 
           -. End Moments (My2) =        0.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.67 kN-m. 
           -. End Moments (Mz2) =        7.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         5.755 kN-m. 
           -. Mrz        =        32.016 kN-m. 
           -. Mr         =        32.529 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.146  --->  O.K ! 
           -. Muz/Mrz    =   0.146  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2789.77 kN. 
           -. Vuz    =          5.46 kN. 
           -. Muy    =         -1.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.74 
 
           -. Vuy    =         10.85 kN. 
           -. Muz    =        -20.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1688.45 kN. 
           -. phiVcz    = phi * Vcz =     1519.60 kN. 
 
           -. Vuy       =       10.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1657.86 kN. 
           -. phiVcy    = phi * Vcy =     1492.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2312.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5460.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2312.59 kN. 
           -. phiVsz   = phi*Vsz =     2081.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2302.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5490.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2302.38 kN. 
           -. phiVsy   = phi*Vsy =     2072.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      12.148 kN. 
           -. Vr       =    3564.217 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       13.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       13.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114033,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3573.28        -0.84        -0.54        -4.67        -2.37 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3573.28        -0.84        -0.54        -4.67        -2.37 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.54 kN-m. 
           -. End Moments (My2) =        0.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.37 kN-m. 
           -. End Moments (Mz2) =        4.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -2.37 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -2.37 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         3.716 kN-m. 
           -. Mrz        =        16.192 kN-m. 
           -. Mr         =        16.613 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.146  --->  O.K ! 
           -. Muz/Mrz    =   0.146  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2806.42 kN. 
           -. Vuz    =          0.83 kN. 
           -. Muy    =         -1.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.73 
 
           -. Vuy    =         16.78 kN. 
           -. Muz    =        -11.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        0.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1686.82 kN. 
           -. phiVcz    = phi * Vcz =     1518.14 kN. 
 
           -. Vuy       =       16.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1656.16 kN. 
           -. phiVcy    = phi * Vcy =     1490.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2312.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5461.67 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2312.05 kN. 
           -. phiVsz   = phi*Vsz =     2080.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2301.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5492.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2301.81 kN. 
           -. phiVsy   = phi*Vsy =     2071.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.796 kN. 
           -. Vr       =    3562.169 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114034,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3589.94        -0.54        -0.19        -2.37        -0.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3589.94        -0.54        -0.19        -2.37        -0.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.19 kN-m. 
           -. End Moments (My2) =        0.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.69 kN-m. 
           -. End Moments (Mz2) =        2.37 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         1.288 kN-m. 
           -. Mrz        =         4.680 kN-m. 
           -. Mr         =         4.855 kN-m. 
           -. Pu/Pr      =   0.147  --->  O.K ! 
           -. Muy/Mry    =   0.147  --->  O.K ! 
           -. Muz/Mrz    =   0.147  --->  O.K ! 
           -. Mu/Mr      =   0.147  --->  O.K ! 
           -. Ratio      =   0.147  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2823.08 kN. 
           -. Vuz    =          1.69 kN. 
           -. Muy    =         -0.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.73 
 
           -. Vuy    =         16.01 kN. 
           -. Muz    =         -3.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1685.01 kN. 
           -. phiVcz    = phi * Vcz =     1516.51 kN. 
 
           -. Vuy       =       16.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1654.27 kN. 
           -. phiVcy    = phi * Vcy =     1488.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2311.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5463.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2311.46 kN. 
           -. phiVsz   = phi*Vsz =     2080.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2301.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5494.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2301.16 kN. 
           -. phiVsy   = phi*Vsy =     2071.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.102 kN. 
           -. Vr       =    3559.893 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114035,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3606.60        -0.19         0.00        -0.69         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3606.60        -0.19         0.00        -0.69         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.148  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.148  --->  O.K ! 
           -. Ratio      =   0.148  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2839.73 kN. 
           -. Vuz    =          1.36 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.67 
 
           -. Vuy    =          7.84 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1656.44 kN. 
           -. phiVcz    = phi * Vcz =     1490.80 kN. 
 
           -. Vuy       =        7.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1656.44 kN. 
           -. phiVcy    = phi * Vcy =     1490.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2301.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5492.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2301.90 kN. 
           -. phiVsz   = phi*Vsz =     2071.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2301.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5492.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2301.90 kN. 
           -. phiVsy   = phi*Vsy =     2071.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       7.953 kN. 
           -. Vr       =    3562.508 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115002,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            899.98       549.21       640.12      2586.06      2770.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      899.98       549.21       640.12      2586.06      2770.05 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      549.21 kN-m. 
           -. End Moments (My2) =      640.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      640.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      640.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2586.06 kN-m. 
           -. End Moments (Mz2) =     2770.05 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2770.05 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2770.05 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1624.141 kN. 
           -. Mry        =      1145.373 kN-m. 
           -. Mrz        =      4974.402 kN-m. 
           -. Mr         =      5104.562 kN-m. 
           -. Pu/Pr      =   0.554  --->  O.K ! 
           -. Muy/Mry    =   0.559  --->  O.K ! 
           -. Muz/Mrz    =   0.557  --->  O.K ! 
           -. Mu/Mr      =   0.559  --->  O.K ! 
           -. Ratio      =   0.559  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2441.56 kN. 
           -. Vuz    =        199.52 kN. 
           -. Muy    =       -646.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
 
           -. Vuy    =        439.24 kN. 
           -. Muz    =      -2738.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.32 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      199.52 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1091.99 kN. 
           -. phiVcz    = phi * Vcz =      982.80 kN. 
 
           -. Vuy       =      439.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1048.61 kN. 
           -. phiVcy    = phi * Vcy =      943.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2036.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6056.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2036.11 kN. 
           -. phiVsz   = phi*Vsz =     1832.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2006.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6099.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2006.85 kN. 
           -. phiVsy   = phi*Vsy =     1806.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     482.429 kN. 
           -. Vr       =    2749.916 kN. 
           -. Ratio    = Vu / Vr = 0.175  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      536.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      536.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0058 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0058 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0058 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115003,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            911.95       640.12       716.26      2770.05      2904.31 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      911.95       640.12       716.26      2770.05      2904.31 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      640.12 kN-m. 
           -. End Moments (My2) =      716.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      716.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      716.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2770.05 kN-m. 
           -. End Moments (Mz2) =     2904.31 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2904.31 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2904.31 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1550.494 kN. 
           -. Mry        =      1216.378 kN-m. 
           -. Mrz        =      4951.494 kN-m. 
           -. Mr         =      5098.712 kN-m. 
           -. Pu/Pr      =   0.588  --->  O.K ! 
           -. Muy/Mry    =   0.589  --->  O.K ! 
           -. Muz/Mrz    =   0.587  --->  O.K ! 
           -. Mu/Mr      =   0.589  --->  O.K ! 
           -. Ratio      =   0.589  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2458.24 kN. 
           -. Vuz    =        165.11 kN. 
           -. Muy    =       -726.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
 
           -. Vuy    =        337.77 kN. 
           -. Muz    =      -2875.45 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      165.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1083.56 kN. 
           -. phiVcz    = phi * Vcz =      975.21 kN. 
 
           -. Vuy       =      337.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1040.19 kN. 
           -. phiVcy    = phi * Vcy =      936.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2030.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6064.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2030.57 kN. 
           -. phiVsz   = phi*Vsz =     1827.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2000.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6108.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2000.96 kN. 
           -. phiVsy   = phi*Vsy =     1800.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     375.963 kN. 
           -. Vr       =    2737.038 kN. 
           -. Ratio    = Vu / Vr = 0.137  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      417.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      417.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0060 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0060 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0060 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115004,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            923.92       716.26       779.22      2904.31      2991.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      923.92       716.26       779.22      2904.31      2991.78 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      716.26 kN-m. 
           -. End Moments (My2) =      779.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      779.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      779.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2904.31 kN-m. 
           -. End Moments (Mz2) =     2991.78 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2991.78 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2991.78 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1529.852 kN. 
           -. Mry        =      1271.333 kN-m. 
           -. Mrz        =      4941.325 kN-m. 
           -. Mr         =      5102.252 kN-m. 
           -. Pu/Pr      =   0.604  --->  O.K ! 
           -. Muy/Mry    =   0.613  --->  O.K ! 
           -. Muz/Mrz    =   0.605  --->  O.K ! 
           -. Mu/Mr      =   0.613  --->  O.K ! 
           -. Ratio      =   0.613  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2698.07 kN. 
           -. Vuz    =        279.41 kN. 
           -. Muy    =      -1626.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =        122.55 kN. 
           -. Muz    =      -1350.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.12 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      279.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1194.76 kN. 
           -. phiVcz    = phi * Vcz =     1075.29 kN. 
 
           -. Vuy       =      122.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1151.67 kN. 
           -. phiVcy    = phi * Vcy =     1036.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2098.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5953.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2098.89 kN. 
           -. phiVsz   = phi*Vsz =     1889.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2073.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5996.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2073.61 kN. 
           -. phiVsy   = phi*Vsy =     1866.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     305.102 kN. 
           -. Vr       =    2902.745 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      339.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      339.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115005,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            935.90       779.22       828.09      2991.78      3035.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      935.90       779.22       828.09      2991.78      3035.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      779.22 kN-m. 
           -. End Moments (My2) =      828.09 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      828.09 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      828.09 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2991.78 kN-m. 
           -. End Moments (Mz2) =     3035.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3035.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3035.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1508.233 kN. 
           -. Mry        =      1329.695 kN-m. 
           -. Mrz        =      4922.707 kN-m. 
           -. Mr         =      5099.131 kN-m. 
           -. Pu/Pr      =   0.621  --->  O.K ! 
           -. Muy/Mry    =   0.623  --->  O.K ! 
           -. Muz/Mrz    =   0.617  --->  O.K ! 
           -. Mu/Mr      =   0.623  --->  O.K ! 
           -. Ratio      =   0.623  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2714.77 kN. 
           -. Vuz    =        214.63 kN. 
           -. Muy    =      -1734.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =         83.16 kN. 
           -. Muz    =      -1363.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      214.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1189.52 kN. 
           -. phiVcz    = phi * Vcz =     1070.57 kN. 
 
           -. Vuy       =       83.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1146.39 kN. 
           -. phiVcy    = phi * Vcy =     1031.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2095.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5958.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2095.89 kN. 
           -. phiVsz   = phi*Vsz =     1886.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2070.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6002.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2070.41 kN. 
           -. phiVsy   = phi*Vsy =     1863.37 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     230.172 kN. 
           -. Vr       =    2895.124 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      255.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      255.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115006,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            947.87       828.09       863.91      3035.95      3040.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      947.87       828.09       863.91      3035.95      3040.78 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      828.09 kN-m. 
           -. End Moments (My2) =      863.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      863.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      863.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3035.95 kN-m. 
           -. End Moments (Mz2) =     3040.78 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3040.78 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3040.78 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1535.847 kN. 
           -. Mry        =      1384.448 kN-m. 
           -. Mrz        =      4907.952 kN-m. 
           -. Mr         =      5099.479 kN-m. 
           -. Pu/Pr      =   0.617  --->  O.K ! 
           -. Muy/Mry    =   0.624  --->  O.K ! 
           -. Muz/Mrz    =   0.620  --->  O.K ! 
           -. Mu/Mr      =   0.624  --->  O.K ! 
           -. Ratio      =   0.624  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2731.46 kN. 
           -. Vuz    =        154.47 kN. 
           -. Muy    =      -1813.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =         52.00 kN. 
           -. Muz    =      -1359.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      154.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1188.11 kN. 
           -. phiVcz    = phi * Vcz =     1069.30 kN. 
 
           -. Vuy       =       52.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1144.98 kN. 
           -. phiVcy    = phi * Vcy =     1030.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2095.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5960.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2095.08 kN. 
           -. phiVsz   = phi*Vsz =     1885.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2069.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6003.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2069.55 kN. 
           -. phiVsy   = phi*Vsy =     1862.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     162.986 kN. 
           -. Vr       =    2893.074 kN. 
           -. Ratio    = Vu / Vr = 0.056  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      181.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      181.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115007,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            947.86       863.91       884.62      3040.78      3004.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      947.86       863.91       884.62      3040.78      3004.98 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      863.91 kN-m. 
           -. End Moments (My2) =      884.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      863.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      863.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     3004.98 kN-m. 
           -. End Moments (Mz2) =     3040.78 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3040.78 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3040.78 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1535.847 kN. 
           -. Mry        =      1384.448 kN-m. 
           -. Mrz        =      4907.952 kN-m. 
           -. Mr         =      5099.479 kN-m. 
           -. Pu/Pr      =   0.617  --->  O.K ! 
           -. Muy/Mry    =   0.624  --->  O.K ! 
           -. Muz/Mrz    =   0.620  --->  O.K ! 
           -. Mu/Mr      =   0.624  --->  O.K ! 
           -. Ratio      =   0.624  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2748.16 kN. 
           -. Vuz    =         90.74 kN. 
           -. Muy    =      -1859.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =         49.25 kN. 
           -. Muz    =      -1337.99 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       90.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.03 kN. 
           -. phiVcz    = phi * Vcz =     1071.93 kN. 
 
           -. Vuy       =       49.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1147.91 kN. 
           -. phiVcy    = phi * Vcy =     1033.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5957.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.76 kN. 
           -. phiVsz   = phi*Vsz =     1887.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6000.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.34 kN. 
           -. phiVsy   = phi*Vsy =     1864.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     103.247 kN. 
           -. Vr       =    2897.320 kN. 
           -. Ratio    = Vu / Vr = 0.036  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      114.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      114.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115008,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            959.83       884.62       883.05      3004.98      2911.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      959.83       884.62       883.05      3004.98      2911.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      883.05 kN-m. 
           -. End Moments (My2) =      884.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      884.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      884.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2911.35 kN-m. 
           -. End Moments (Mz2) =     3004.98 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     3004.98 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     3004.98 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1562.501 kN. 
           -. Mry        =      1433.568 kN-m. 
           -. Mrz        =      4894.343 kN-m. 
           -. Mr         =      5099.972 kN-m. 
           -. Pu/Pr      =   0.614  --->  O.K ! 
           -. Muy/Mry    =   0.617  --->  O.K ! 
           -. Muz/Mrz    =   0.614  --->  O.K ! 
           -. Mu/Mr      =   0.617  --->  O.K ! 
           -. Ratio      =   0.617  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2524.95 kN. 
           -. Vuz    =          9.72 kN. 
           -. Muy    =       -903.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.39 
 
           -. Vuy    =        184.36 kN. 
           -. Muz    =      -2987.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 985 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1081.25 kN. 
           -. phiVcz    = phi * Vcz =      973.12 kN. 
 
           -. Vuy       =      184.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1037.88 kN. 
           -. phiVcy    = phi * Vcy =      934.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2029.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6067.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2029.03 kN. 
           -. phiVsz   = phi*Vsz =     1826.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1999.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6110.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1999.33 kN. 
           -. phiVsy   = phi*Vsy =     1799.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     184.617 kN. 
           -. Vr       =    2733.488 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      205.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      205.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0060 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0060 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0060 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115009,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            971.81       883.05       861.88      2911.35      2774.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      971.81       883.05       861.88      2911.35      2774.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      861.88 kN-m. 
           -. End Moments (My2) =      883.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      883.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      883.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2774.44 kN-m. 
           -. End Moments (Mz2) =     2911.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2911.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2911.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1638.214 kN. 
           -. Mry        =      1477.109 kN-m. 
           -. Mrz        =      4885.528 kN-m. 
           -. Mr         =      5103.943 kN-m. 
           -. Pu/Pr      =   0.593  --->  O.K ! 
           -. Muy/Mry    =   0.598  --->  O.K ! 
           -. Muz/Mrz    =   0.596  --->  O.K ! 
           -. Mu/Mr      =   0.598  --->  O.K ! 
           -. Ratio      =   0.598  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2541.62 kN. 
           -. Vuz    =         46.65 kN. 
           -. Muy    =       -902.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.39 
 
           -. Vuy    =        281.15 kN. 
           -. Muz    =      -2896.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 989 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       46.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1080.41 kN. 
           -. phiVcz    = phi * Vcz =      972.37 kN. 
 
           -. Vuy       =      281.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1037.05 kN. 
           -. phiVcy    = phi * Vcy =      933.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2028.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6068.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2028.47 kN. 
           -. phiVsz   = phi*Vsz =     1825.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1998.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6111.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1998.74 kN. 
           -. phiVsy   = phi*Vsy =     1798.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     284.989 kN. 
           -. Vr       =    2732.204 kN. 
           -. Ratio    = Vu / Vr = 0.104  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      316.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      316.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0059 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0059 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0059 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115010,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            983.79       861.88       824.22      2774.44      2599.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      983.79       861.88       824.22      2774.44      2599.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      824.22 kN-m. 
           -. End Moments (My2) =      861.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      861.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      861.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2599.60 kN-m. 
           -. End Moments (Mz2) =     2774.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2774.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2774.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1712.847 kN. 
           -. Mry        =      1512.774 kN-m. 
           -. Mrz        =      4878.903 kN-m. 
           -. Mr         =      5108.051 kN-m. 
           -. Pu/Pr      =   0.574  --->  O.K ! 
           -. Muy/Mry    =   0.570  --->  O.K ! 
           -. Muz/Mrz    =   0.569  --->  O.K ! 
           -. Mu/Mr      =   0.574  --->  O.K ! 
           -. Ratio      =   0.574  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2558.29 kN. 
           -. Vuz    =         78.42 kN. 
           -. Muy    =       -881.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.41 
 
           -. Vuy    =        359.42 kN. 
           -. Muz    =      -2762.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.31 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       78.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1087.34 kN. 
           -. phiVcz    = phi * Vcz =      978.61 kN. 
 
           -. Vuy       =      359.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1043.97 kN. 
           -. phiVcy    = phi * Vcy =      939.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2033.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6061.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2033.06 kN. 
           -. phiVsz   = phi*Vsz =     1829.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2003.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6104.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2003.61 kN. 
           -. phiVsy   = phi*Vsy =     1803.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     367.873 kN. 
           -. Vr       =    2742.816 kN. 
           -. Ratio    = Vu / Vr = 0.134  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      408.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      408.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115011,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            995.76       824.22       773.38      2599.60      2399.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      995.76       824.22       773.38      2599.60      2399.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      773.38 kN-m. 
           -. End Moments (My2) =      824.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      824.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      824.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2399.24 kN-m. 
           -. End Moments (Mz2) =     2599.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2599.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2599.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1859.676 kN. 
           -. Mry        =      1545.337 kN-m. 
           -. Mrz        =      4878.069 kN-m. 
           -. Mr         =      5116.994 kN-m. 
           -. Pu/Pr      =   0.535  --->  O.K ! 
           -. Muy/Mry    =   0.533  --->  O.K ! 
           -. Muz/Mrz    =   0.533  --->  O.K ! 
           -. Mu/Mr      =   0.535  --->  O.K ! 
           -. Ratio      =   0.535  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2574.96 kN. 
           -. Vuz    =        103.94 kN. 
           -. Muy    =       -843.47 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
 
           -. Vuy    =        417.93 kN. 
           -. Muz    =      -2589.55 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      103.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1101.87 kN. 
           -. phiVcz    = phi * Vcz =      991.69 kN. 
 
           -. Vuy       =      417.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1058.49 kN. 
           -. phiVcy    = phi * Vcy =      952.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6046.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.53 kN. 
           -. phiVsz   = phi*Vsz =     1838.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2013.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6090.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2013.67 kN. 
           -. phiVsy   = phi*Vsy =     1812.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     430.665 kN. 
           -. Vr       =    2764.940 kN. 
           -. Ratio    = Vu / Vr = 0.156  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      478.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      478.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 998 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115012,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1007.74       773.38       712.73      2399.24      2176.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1007.74       773.38       712.73      2399.24      2176.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      712.73 kN-m. 
           -. End Moments (My2) =      773.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      773.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      773.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2176.94 kN-m. 
           -. End Moments (Mz2) =     2399.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2399.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2399.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2051.773 kN. 
           -. Mry        =      1573.282 kN-m. 
           -. Mrz        =      4881.627 kN-m. 
           -. Mr         =      5128.889 kN-m. 
           -. Pu/Pr      =   0.491  --->  O.K ! 
           -. Muy/Mry    =   0.492  --->  O.K ! 
           -. Muz/Mrz    =   0.491  --->  O.K ! 
           -. Mu/Mr      =   0.492  --->  O.K ! 
           -. Ratio      =   0.492  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2591.63 kN. 
           -. Vuz    =        123.59 kN. 
           -. Muy    =       -791.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.49 
 
           -. Vuy    =        456.72 kN. 
           -. Muz    =      -2391.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      123.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1122.94 kN. 
           -. phiVcz    = phi * Vcz =     1010.65 kN. 
 
           -. Vuy       =      456.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1079.56 kN. 
           -. phiVcy    = phi * Vcy =      971.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2055.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6025.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2055.94 kN. 
           -. phiVsz   = phi*Vsz =     1850.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2027.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6068.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2027.91 kN. 
           -. phiVsy   = phi*Vsy =     1825.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     473.143 kN. 
           -. Vr       =    2796.724 kN. 
           -. Ratio    = Vu / Vr = 0.169  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      525.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      525.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115013,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1019.72       712.73       645.56      2176.94      1942.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1019.72       712.73       645.56      2176.94      1942.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      645.56 kN-m. 
           -. End Moments (My2) =      712.73 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      712.73 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      712.73 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1942.44 kN-m. 
           -. End Moments (Mz2) =     2176.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2176.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2176.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2286.653 kN. 
           -. Mry        =      1600.648 kN-m. 
           -. Mrz        =      4888.430 kN-m. 
           -. Mr         =      5143.814 kN-m. 
           -. Pu/Pr      =   0.446  --->  O.K ! 
           -. Muy/Mry    =   0.445  --->  O.K ! 
           -. Muz/Mrz    =   0.445  --->  O.K ! 
           -. Mu/Mr      =   0.446  --->  O.K ! 
           -. Ratio      =   0.446  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2608.30 kN. 
           -. Vuz    =        136.96 kN. 
           -. Muy    =       -730.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.55 
 
           -. Vuy    =        476.58 kN. 
           -. Muz    =      -2170.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.47 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      136.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1150.59 kN. 
           -. phiVcz    = phi * Vcz =     1035.53 kN. 
 
           -. Vuy       =      476.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1107.28 kN. 
           -. phiVcy    = phi * Vcy =      996.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2072.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5997.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2072.96 kN. 
           -. phiVsz   = phi*Vsz =     1865.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2046.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6041.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2046.01 kN. 
           -. phiVsy   = phi*Vsy =     1841.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     495.866 kN. 
           -. Vr       =    2837.957 kN. 
           -. Ratio    = Vu / Vr = 0.175  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      550.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      550.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115014,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1031.70       645.56       575.00      1942.44      1704.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1031.70       645.56       575.00      1942.44      1704.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      575.00 kN-m. 
           -. End Moments (My2) =      645.56 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      645.56 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      645.56 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1704.80 kN-m. 
           -. End Moments (Mz2) =     1942.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1942.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1942.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2621.162 kN. 
           -. Mry        =      1616.887 kN-m. 
           -. Mrz        =      4899.917 kN-m. 
           -. Mr         =      5159.797 kN-m. 
           -. Pu/Pr      =   0.394  --->  O.K ! 
           -. Muy/Mry    =   0.399  --->  O.K ! 
           -. Muz/Mrz    =   0.396  --->  O.K ! 
           -. Mu/Mr      =   0.399  --->  O.K ! 
           -. Ratio      =   0.399  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2624.97 kN. 
           -. Vuz    =        144.06 kN. 
           -. Muy    =       -661.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
 
           -. Vuy    =        478.91 kN. 
           -. Muz    =      -1938.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      144.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1184.07 kN. 
           -. phiVcz    = phi * Vcz =     1065.66 kN. 
 
           -. Vuy       =      478.91 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1140.90 kN. 
           -. phiVcy    = phi * Vcy =     1026.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5964.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.75 kN. 
           -. phiVsz   = phi*Vsz =     1883.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2067.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6007.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2067.07 kN. 
           -. phiVsy   = phi*Vsy =     1860.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     500.103 kN. 
           -. Vr       =    2887.174 kN. 
           -. Ratio    = Vu / Vr = 0.173  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      555.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      555.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115015,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2641.64      -589.79      -517.16     -1701.95     -1470.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2641.64      -589.79      -517.16     -1701.95     -1470.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      517.16 kN-m. 
           -. End Moments (My2) =      589.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -589.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -589.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1470.62 kN-m. 
           -. End Moments (Mz2) =     1701.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1701.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1701.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7506.862 kN. 
           -. Mry        =      1668.794 kN-m. 
           -. Mrz        =      4810.696 kN-m. 
           -. Mr         =      5091.922 kN-m. 
           -. Pu/Pr      =   0.352  --->  O.K ! 
           -. Muy/Mry    =   0.353  --->  O.K ! 
           -. Muz/Mrz    =   0.354  --->  O.K ! 
           -. Mu/Mr      =   0.354  --->  O.K ! 
           -. Ratio      =   0.354  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2641.64 kN. 
           -. Vuz    =        145.28 kN. 
           -. Muy    =       -589.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =        465.53 kN. 
           -. Muz    =      -1701.95 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      145.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1222.51 kN. 
           -. phiVcz    = phi * Vcz =     1100.26 kN. 
 
           -. Vuy       =      465.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1179.62 kN. 
           -. phiVcy    = phi * Vcy =     1061.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2114.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5925.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2114.44 kN. 
           -. phiVsz   = phi*Vsz =     1902.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2090.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5968.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2090.17 kN. 
           -. phiVsy   = phi*Vsy =     1881.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     487.670 kN. 
           -. Vr       =    2942.814 kN. 
           -. Ratio    = Vu / Vr = 0.166  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      541.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      541.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115016,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2658.30      -517.16      -446.54     -1470.62     -1251.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2658.30      -517.16      -446.54     -1470.62     -1251.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      446.54 kN-m. 
           -. End Moments (My2) =      517.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -517.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -517.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1251.22 kN-m. 
           -. End Moments (Mz2) =     1470.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1470.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1470.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1016 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8460.433 kN. 
           -. Mry        =      1655.664 kN-m. 
           -. Mrz        =      4700.845 kN-m. 
           -. Mr         =      4983.891 kN-m. 
           -. Pu/Pr      =   0.314  --->  O.K ! 
           -. Muy/Mry    =   0.312  --->  O.K ! 
           -. Muz/Mrz    =   0.313  --->  O.K ! 
           -. Mu/Mr      =   0.314  --->  O.K ! 
           -. Ratio      =   0.314  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2658.30 kN. 
           -. Vuz    =        141.24 kN. 
           -. Muy    =       -517.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        439.70 kN. 
           -. Muz    =      -1470.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1264.74 kN. 
           -. phiVcz    = phi * Vcz =     1138.27 kN. 
 
           -. Vuy       =      439.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1222.29 kN. 
           -. phiVcy    = phi * Vcy =     1100.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2137.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5883.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2137.08 kN. 
           -. phiVsz   = phi*Vsz =     1923.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2114.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5926.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2114.31 kN. 
           -. phiVsy   = phi*Vsy =     1902.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     461.829 kN. 
           -. Vr       =    3002.942 kN. 
           -. Ratio    = Vu / Vr = 0.154  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      513.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      513.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115017,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2674.97      -446.54      -380.21     -1251.22     -1049.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2674.97      -446.54      -380.21     -1251.22     -1049.74 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      380.21 kN-m. 
           -. End Moments (My2) =      446.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -446.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -446.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1049.74 kN-m. 
           -. End Moments (Mz2) =     1251.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1251.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1251.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9833.798 kN. 
           -. Mry        =      1632.799 kN-m. 
           -. Mrz        =      4565.528 kN-m. 
           -. Mr         =      4848.719 kN-m. 
           -. Pu/Pr      =   0.272  --->  O.K ! 
           -. Muy/Mry    =   0.273  --->  O.K ! 
           -. Muz/Mrz    =   0.274  --->  O.K ! 
           -. Mu/Mr      =   0.274  --->  O.K ! 
           -. Ratio      =   0.274  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2674.97 kN. 
           -. Vuz    =        132.67 kN. 
           -. Muy    =       -446.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        403.15 kN. 
           -. Muz    =      -1251.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      132.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1309.64 kN. 
           -. phiVcz    = phi * Vcz =     1178.68 kN. 
 
           -. Vuy       =      403.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1267.79 kN. 
           -. phiVcy    = phi * Vcy =     1141.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2159.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5838.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2159.89 kN. 
           -. phiVsz   = phi*Vsz =     1943.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2138.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5880.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2138.67 kN. 
           -. phiVsy   = phi*Vsy =     1924.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     424.420 kN. 
           -. Vr       =    3065.815 kN. 
           -. Ratio    = Vu / Vr = 0.138  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      471.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      471.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1022 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115018,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2691.63      -380.21      -319.79     -1049.74      -870.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2691.63      -380.21      -319.79     -1049.74      -870.08 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      319.79 kN-m. 
           -. End Moments (My2) =      380.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -380.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -380.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      870.08 kN-m. 
           -. End Moments (Mz2) =     1049.74 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1049.74 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1049.74 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11319.354 kN. 
           -. Mry        =      1595.996 kN-m. 
           -. Mrz        =      4433.414 kN-m. 
           -. Mr         =      4711.939 kN-m. 
           -. Pu/Pr      =   0.238  --->  O.K ! 
           -. Muy/Mry    =   0.238  --->  O.K ! 
           -. Muz/Mrz    =   0.237  --->  O.K ! 
           -. Mu/Mr      =   0.238  --->  O.K ! 
           -. Ratio      =   0.238  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2691.63 kN. 
           -. Vuz    =        120.85 kN. 
           -. Muy    =       -380.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        359.45 kN. 
           -. Muz    =      -1049.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      120.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1355.57 kN. 
           -. phiVcz    = phi * Vcz =     1220.02 kN. 
 
           -. Vuy       =      359.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1314.51 kN. 
           -. phiVcy    = phi * Vcy =     1183.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2181.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2181.99 kN. 
           -. phiVsz   = phi*Vsz =     1963.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5833.98 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.29 kN. 
           -. phiVsy   = phi*Vsy =     1946.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     379.221 kN. 
           -. Vr       =    3129.116 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      421.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      421.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
5.2912e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
4.5495e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-4.5495e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115019,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2708.30      -319.79      -264.82      -870.08      -709.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2708.30      -319.79      -264.82      -870.08      -709.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      264.82 kN-m. 
           -. End Moments (My2) =      319.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -319.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -319.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      709.27 kN-m. 
           -. End Moments (Mz2) =      870.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -870.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -870.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13127.211 kN. 
           -. Mry        =      1561.896 kN-m. 
           -. Mrz        =      4241.185 kN-m. 
           -. Mr         =      4519.643 kN-m. 
           -. Pu/Pr      =   0.206  --->  O.K ! 
           -. Muy/Mry    =   0.205  --->  O.K ! 
           -. Muz/Mrz    =   0.205  --->  O.K ! 
           -. Mu/Mr      =   0.206  --->  O.K ! 
           -. Ratio      =   0.206  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2708.30 kN. 
           -. Vuz    =        109.94 kN. 
           -. Muy    =       -319.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.10 
 
           -. Vuy    =        321.71 kN. 
           -. Muz    =       -870.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      109.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1399.07 kN. 
           -. phiVcz    = phi * Vcz =     1259.16 kN. 
 
           -. Vuy       =      321.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1358.89 kN. 
           -. phiVcy    = phi * Vcy =     1223.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2201.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5749.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2201.86 kN. 
           -. phiVsz   = phi*Vsz =     1981.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2183.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5789.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2183.54 kN. 
           -. phiVsy   = phi*Vsy =     1965.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     339.979 kN. 
           -. Vr       =    3188.189 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      377.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      377.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1030 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115020,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2724.96      -264.82      -215.89      -709.27      -568.47 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2724.96      -264.82      -215.89      -709.27      -568.47 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      215.89 kN-m. 
           -. End Moments (My2) =      264.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -264.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -264.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      568.47 kN-m. 
           -. End Moments (Mz2) =      709.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -709.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -709.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15364.533 kN. 
           -. Mry        =      1476.394 kN-m. 
           -. Mrz        =      3972.410 kN-m. 
           -. Mr         =      4237.898 kN-m. 
           -. Pu/Pr      =   0.177  --->  O.K ! 
           -. Muy/Mry    =   0.179  --->  O.K ! 
           -. Muz/Mrz    =   0.179  --->  O.K ! 
           -. Mu/Mr      =   0.179  --->  O.K ! 
           -. Ratio      =   0.179  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2724.96 kN. 
           -. Vuz    =         97.87 kN. 
           -. Muy    =       -264.82 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.19 
 
           -. Vuy    =        281.67 kN. 
           -. Muz    =       -709.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.10 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       97.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1441.61 kN. 
           -. phiVcz    = phi * Vcz =     1297.45 kN. 
 
           -. Vuy       =      281.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1402.43 kN. 
           -. phiVcy    = phi * Vcy =     1262.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2220.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5706.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2220.36 kN. 
           -. phiVsz   = phi*Vsz =     1998.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2203.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5746.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2203.35 kN. 
           -. phiVsy   = phi*Vsy =     1983.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     298.188 kN. 
           -. Vr       =    3245.207 kN. 
           -. Ratio    = Vu / Vr = 0.092  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      331.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      331.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115021,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2741.63      -215.89      -173.30      -568.47      -448.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2741.63      -215.89      -173.30      -568.47      -448.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      173.30 kN-m. 
           -. End Moments (My2) =      215.89 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -215.89 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -215.89 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      448.06 kN-m. 
           -. End Moments (Mz2) =      568.47 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -568.47 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -568.47 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17653.337 kN. 
           -. Mry        =      1380.276 kN-m. 
           -. Mrz        =      3622.891 kN-m. 
           -. Mr         =      3876.919 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.156  --->  O.K ! 
           -. Muz/Mrz    =   0.157  --->  O.K ! 
           -. Mu/Mr      =   0.157  --->  O.K ! 
           -. Ratio      =   0.157  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2741.63 kN. 
           -. Vuz    =         85.18 kN. 
           -. Muy    =       -215.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.28 
 
           -. Vuy    =        240.87 kN. 
           -. Muz    =       -568.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.20 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       85.18 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1482.12 kN. 
           -. phiVcz    = phi * Vcz =     1333.91 kN. 
 
           -. Vuy       =      240.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1444.03 kN. 
           -. phiVcy    = phi * Vcy =     1299.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2237.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5666.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2237.19 kN. 
           -. phiVsz   = phi*Vsz =     2013.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2221.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5704.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2221.39 kN. 
           -. phiVsy   = phi*Vsy =     1999.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     255.485 kN. 
           -. Vr       =    3298.872 kN. 
           -. Ratio    = Vu / Vr = 0.077  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      283.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      283.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115022,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2758.29      -173.30      -137.12      -448.06      -347.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2758.29      -173.30      -137.12      -448.06      -347.81 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      137.12 kN-m. 
           -. End Moments (My2) =      173.30 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -173.30 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -173.30 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      347.81 kN-m. 
           -. End Moments (Mz2) =      448.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -448.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -448.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     19869.382 kN. 
           -. Mry        =      1232.869 kN-m. 
           -. Mrz        =      3207.733 kN-m. 
           -. Mr         =      3436.498 kN-m. 
           -. Pu/Pr      =   0.139  --->  O.K ! 
           -. Muy/Mry    =   0.141  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2758.29 kN. 
           -. Vuz    =         72.36 kN. 
           -. Muy    =       -173.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.36 
 
           -. Vuy    =        200.56 kN. 
           -. Muz    =       -448.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.28 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1519.63 kN. 
           -. phiVcz    = phi * Vcz =     1367.67 kN. 
 
           -. Vuy       =      200.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1482.66 kN. 
           -. phiVcy    = phi * Vcy =     1334.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2252.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5628.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2252.12 kN. 
           -. phiVsz   = phi*Vsz =     2026.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2237.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5665.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2237.41 kN. 
           -. phiVsy   = phi*Vsy =     2013.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     213.213 kN. 
           -. Vr       =    3348.058 kN. 
           -. Ratio    = Vu / Vr = 0.064  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      236.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      236.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115023,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3413.77       -28.72       -22.46       -54.14       -42.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3413.77       -28.72       -22.46       -54.14       -42.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       22.46 kN-m. 
           -. End Moments (My2) =       28.72 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -22.46 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -22.46 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.17 kN-m. 
           -. End Moments (Mz2) =       54.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       160.222 kN-m. 
           -. Mrz        =       301.684 kN-m. 
           -. Mr         =       341.591 kN-m. 
           -. Pu/Pr      =   0.140  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2774.95 kN. 
           -. Vuz    =         63.40 kN. 
           -. Muy    =       -137.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =        172.87 kN. 
           -. Muz    =       -347.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       63.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1550.75 kN. 
           -. phiVcz    = phi * Vcz =     1395.68 kN. 
 
           -. Vuy       =      172.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1514.79 kN. 
           -. phiVcy    = phi * Vcy =     1363.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2264.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5597.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2264.07 kN. 
           -. phiVsz   = phi*Vsz =     2037.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2250.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5633.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2250.23 kN. 
           -. phiVsy   = phi*Vsy =     2025.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     184.127 kN. 
           -. Vr       =    3388.516 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      204.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      204.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115024,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3430.43       -22.46       -16.90       -42.17       -31.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3430.43       -22.46       -16.90       -42.17       -31.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       16.90 kN-m. 
           -. End Moments (My2) =       22.46 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -16.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -16.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       31.90 kN-m. 
           -. End Moments (Mz2) =       42.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -31.90 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -31.90 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       119.911 kN-m. 
           -. Mrz        =       227.064 kN-m. 
           -. Mr         =       256.781 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.141  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2791.61 kN. 
           -. Vuz    =         55.68 kN. 
           -. Muy    =       -105.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.49 
 
           -. Vuy    =        149.41 kN. 
           -. Muz    =       -261.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.42 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       55.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1578.30 kN. 
           -. phiVcz    = phi * Vcz =     1420.47 kN. 
 
           -. Vuy       =      149.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1543.29 kN. 
           -. phiVcy    = phi * Vcy =     1388.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2274.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5570.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2274.33 kN. 
           -. phiVsz   = phi*Vsz =     2046.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2261.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5605.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2261.24 kN. 
           -. phiVsy   = phi*Vsy =     2035.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     159.450 kN. 
           -. Vr       =    3424.081 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      177.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      177.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1050 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115025,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3447.09       -16.90       -11.96       -31.90       -23.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3447.09       -16.90       -11.96       -31.90       -23.11 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       11.96 kN-m. 
           -. End Moments (My2) =       16.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -11.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -11.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       23.11 kN-m. 
           -. End Moments (Mz2) =       31.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -23.11 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -23.11 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        84.865 kN-m. 
           -. Mrz        =       163.503 kN-m. 
           -. Mr         =       184.215 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.141  --->  O.K ! 
           -. Muz/Mrz    =   0.141  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2808.27 kN. 
           -. Vuz    =         48.66 kN. 
           -. Muy    =        -77.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =        128.41 kN. 
           -. Muz    =       -186.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.47 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       48.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1602.82 kN. 
           -. phiVcz    = phi * Vcz =     1442.54 kN. 
 
           -. Vuy       =      128.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1568.72 kN. 
           -. phiVcy    = phi * Vcy =     1411.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2283.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5545.67 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2283.22 kN. 
           -. phiVsz   = phi*Vsz =     2054.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2270.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5579.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2270.79 kN. 
           -. phiVsy   = phi*Vsy =     2043.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     137.323 kN. 
           -. Vr       =    3455.557 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      152.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      152.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115026,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3463.74       -11.96        -7.60       -23.11       -15.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3463.74       -11.96        -7.60       -23.11       -15.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.60 kN-m. 
           -. End Moments (My2) =       11.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.60 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.60 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       15.87 kN-m. 
           -. End Moments (Mz2) =       23.11 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -15.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -15.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        53.566 kN-m. 
           -. Mrz        =       111.823 kN-m. 
           -. Mr         =       123.990 kN-m. 
           -. Pu/Pr      =   0.142  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.142  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2824.94 kN. 
           -. Vuz    =         42.47 kN. 
           -. Muy    =        -53.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.60 
 
           -. Vuy    =        110.17 kN. 
           -. Muz    =       -123.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.52 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       42.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1624.31 kN. 
           -. phiVcz    = phi * Vcz =     1461.88 kN. 
 
           -. Vuy       =      110.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1591.03 kN. 
           -. phiVcy    = phi * Vcy =     1431.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2290.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5524.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2290.82 kN. 
           -. phiVsz   = phi*Vsz =     2061.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2278.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5557.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2278.97 kN. 
           -. phiVsy   = phi*Vsy =     2051.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     118.077 kN. 
           -. Vr       =    3483.005 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      131.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      131.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115027,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3480.40        -7.60        -4.20       -15.87       -10.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3480.40        -7.60        -4.20       -15.87       -10.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.20 kN-m. 
           -. End Moments (My2) =        7.60 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       10.01 kN-m. 
           -. End Moments (Mz2) =       15.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -10.01 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -10.01 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        29.523 kN-m. 
           -. Mrz        =        70.168 kN-m. 
           -. Mr         =        76.126 kN-m. 
           -. Pu/Pr      =   0.143  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.143  --->  O.K ! 
           -. Mu/Mr      =   0.143  --->  O.K ! 
           -. Ratio      =   0.143  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2858.25 kN. 
           -. Vuz    =         32.16 kN. 
           -. Muy    =        -15.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =         80.35 kN. 
           -. Muz    =        -28.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       32.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1644.75 kN. 
           -. phiVcz    = phi * Vcz =     1480.28 kN. 
 
           -. Vuy       =       80.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.30 kN. 
           -. phiVcy    = phi * Vcy =     1451.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5503.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.91 kN. 
           -. phiVsz   = phi*Vsz =     2068.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5536.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.59 kN. 
           -. phiVsy   = phi*Vsy =     2057.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      86.549 kN. 
           -. Vr       =    3509.003 kN. 
           -. Ratio    = Vu / Vr = 0.025  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       96.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       96.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115028,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3497.05        -4.20        -1.98       -10.01        -5.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3497.05        -4.20        -1.98       -10.01        -5.78 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.98 kN-m. 
           -. End Moments (My2) =        4.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.98 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.98 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        5.78 kN-m. 
           -. End Moments (Mz2) =       10.01 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -5.78 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -5.78 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        13.818 kN-m. 
           -. Mrz        =        40.350 kN-m. 
           -. Mr         =        42.651 kN-m. 
           -. Pu/Pr      =   0.143  --->  O.K ! 
           -. Muy/Mry    =   0.143  --->  O.K ! 
           -. Muz/Mrz    =   0.143  --->  O.K ! 
           -. Mu/Mr      =   0.143  --->  O.K ! 
           -. Ratio      =   0.143  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2874.91 kN. 
           -. Vuz    =         19.67 kN. 
           -. Muy    =         -6.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.42 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.68 
 
           -. Vuy    =         45.25 kN. 
           -. Muz    =         -7.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       19.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1661.31 kN. 
           -. phiVcz    = phi * Vcz =     1495.18 kN. 
 
           -. Vuy       =       45.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1629.54 kN. 
           -. phiVcy    = phi * Vcy =     1466.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2303.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5487.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2303.55 kN. 
           -. phiVsz   = phi*Vsz =     2073.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2292.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5518.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2292.65 kN. 
           -. phiVsy   = phi*Vsy =     2063.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      49.338 kN. 
           -. Vr       =    3529.976 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       54.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       54.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115029,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3513.71        -1.98        -0.77        -5.78        -3.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3513.71        -1.98        -0.77        -5.78        -3.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.77 kN-m. 
           -. End Moments (My2) =        1.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.60 kN-m. 
           -. End Moments (Mz2) =        5.78 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         5.338 kN-m. 
           -. Mrz        =        25.017 kN-m. 
           -. Mr         =        25.580 kN-m. 
           -. Pu/Pr      =   0.144  --->  O.K ! 
           -. Muy/Mry    =   0.144  --->  O.K ! 
           -. Muz/Mrz    =   0.144  --->  O.K ! 
           -. Mu/Mr      =   0.144  --->  O.K ! 
           -. Ratio      =   0.144  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3115.05 kN. 
           -. Vuz    =         20.97 kN. 
           -. Muy    =         -2.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =          9.71 kN. 
           -. Muz    =         -4.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       20.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1644.38 kN. 
           -. phiVcz    = phi * Vcz =     1479.94 kN. 
 
           -. Vuy       =        9.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1611.91 kN. 
           -. phiVcy    = phi * Vcy =     1450.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5504.11 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.78 kN. 
           -. phiVsz   = phi*Vsz =     2068.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5536.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.45 kN. 
           -. phiVsy   = phi*Vsy =     2057.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      23.106 kN. 
           -. Vr       =    3508.527 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       25.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       25.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115030,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3530.36        -0.77        -0.38        -3.60        -2.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3530.36        -0.77        -0.38        -3.60        -2.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.38 kN-m. 
           -. End Moments (My2) =        0.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.00 kN-m. 
           -. End Moments (Mz2) =        3.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -2.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -2.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.631 kN-m. 
           -. Mrz        =        13.835 kN-m. 
           -. Mr         =        14.082 kN-m. 
           -. Pu/Pr      =   0.145  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3131.71 kN. 
           -. Vuz    =          7.22 kN. 
           -. Muy    =         -1.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.65 
 
           -. Vuy    =          2.84 kN. 
           -. Muz    =         -3.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.58 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1649.94 kN. 
           -. phiVcz    = phi * Vcz =     1484.95 kN. 
 
           -. Vuy       =        2.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1617.70 kN. 
           -. phiVcy    = phi * Vcy =     1455.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2299.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5498.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2299.69 kN. 
           -. phiVsz   = phi*Vsz =     2069.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2288.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5530.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2288.50 kN. 
           -. phiVsy   = phi*Vsy =     2059.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       7.760 kN. 
           -. Vr       =    3515.580 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115031,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3547.02        -0.38        -0.12        -2.00        -0.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3547.02        -0.38        -0.12        -2.00        -0.63 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.12 kN-m. 
           -. End Moments (My2) =        0.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.63 kN-m. 
           -. End Moments (Mz2) =        2.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.799 kN-m. 
           -. Mrz        =         4.367 kN-m. 
           -. Mr         =         4.439 kN-m. 
           -. Pu/Pr      =   0.145  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2924.88 kN. 
           -. Vuz    =          0.63 kN. 
           -. Muy    =         -0.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.71 
 
           -. Vuy    =          8.08 kN. 
           -. Muz    =         -2.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        0.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1675.98 kN. 
           -. phiVcz    = phi * Vcz =     1508.38 kN. 
 
           -. Vuy       =        8.08 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1644.84 kN. 
           -. phiVcy    = phi * Vcy =     1480.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2308.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5472.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2308.46 kN. 
           -. phiVsz   = phi*Vsz =     2077.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2297.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5503.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2297.94 kN. 
           -. phiVsy   = phi*Vsy =     2068.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       8.100 kN. 
           -. Vr       =    3548.508 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        9.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        9.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115032,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3563.68        -0.12         0.00        -0.63         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3563.68        -0.12         0.00        -0.63         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2941.54 kN. 
           -. Vuz    =          1.12 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =          5.70 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1643.84 kN. 
           -. phiVcz    = phi * Vcz =     1479.45 kN. 
 
           -. Vuy       =        5.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1643.84 kN. 
           -. phiVcy    = phi * Vcy =     1479.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5504.65 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.60 kN. 
           -. phiVsz   = phi*Vsz =     2067.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2297.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5504.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2297.60 kN. 
           -. phiVsy   = phi*Vsy =     2067.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       5.812 kN. 
           -. Vr       =    3547.290 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        6.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        6.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116102,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2128.47       567.70       363.55      2212.57      1473.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2128.47       567.70       363.55      2212.57      1473.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3673.756 kN. 
           -. Mry        =       966.784 kN-m. 
           -. Mrz        =      3816.373 kN-m. 
           -. Mr         =      3936.924 kN-m. 
           -. Pu/Pr      =   0.579  --->  O.K ! 
           -. Muy/Mry    =   0.587  --->  O.K ! 
           -. Muz/Mrz    =   0.580  --->  O.K ! 
           -. Mu/Mr      =   0.587  --->  O.K ! 
           -. Ratio      =   0.587  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5058.69 kN. 
           -. Vuz    =        478.48 kN. 
           -. Muy    =       -659.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  35.00 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.10 
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           -. Vuy    =       1451.58 kN. 
           -. Muz    =      -1980.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.01 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      478.48 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      948.34 kN. 
           -. phiVcz    = phi * Vcz =      853.50 kN. 
 
           -. Vuy       =     1451.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      905.86 kN. 
           -. phiVcy    = phi * Vcy =      815.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1931.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6200.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1931.71 kN. 
           -. phiVsz   = phi*Vsz =     1738.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1896.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6242.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1896.25 kN. 
           -. phiVsy   = phi*Vsy =     1706.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1528.404 kN. 
           -. Vr       =    2521.899 kN. 
           -. Ratio    = Vu / Vr = 0.606  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1698.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1698.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1086 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116103,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2116.69       363.55       355.55      1473.21       799.48 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2116.69       363.55       355.55      1473.21       799.48 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4933.197 kN. 
           -. Mry        =       853.844 kN-m. 
           -. Mrz        =      3429.044 kN-m. 
           -. Mr         =      3533.751 kN-m. 
           -. Pu/Pr      =   0.429  --->  O.K ! 
           -. Muy/Mry    =   0.426  --->  O.K ! 
           -. Muz/Mrz    =   0.430  --->  O.K ! 
           -. Mu/Mr      =   0.430  --->  O.K ! 
           -. Ratio      =   0.430  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5075.57 kN. 
           -. Vuz    =        437.04 kN. 
           -. Muy    =       -440.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
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           -. Vuy    =       1327.26 kN. 
           -. Muz    =      -1261.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.20 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      437.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1037.76 kN. 
           -. phiVcz    = phi * Vcz =      933.99 kN. 
 
           -. Vuy       =     1327.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      994.55 kN. 
           -. phiVcy    = phi * Vcy =      895.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1999.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6110.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1999.24 kN. 
           -. phiVsz   = phi*Vsz =     1799.32 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1967.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6153.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1967.73 kN. 
           -. phiVsy   = phi*Vsy =     1770.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1397.367 kN. 
           -. Vr       =    2666.051 kN. 
           -. Ratio    = Vu / Vr = 0.524  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1552.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1552.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116104,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2104.92       355.55       415.07       799.48       210.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2104.92       355.55       415.07       799.48       210.89 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6879.677 kN. 
           -. Mry        =      1163.118 kN-m. 
           -. Mrz        =      2606.789 kN-m. 
           -. Mr         =      2854.503 kN-m. 
           -. Pu/Pr      =   0.306  --->  O.K ! 
           -. Muy/Mry    =   0.306  --->  O.K ! 
           -. Muz/Mrz    =   0.307  --->  O.K ! 
           -. Mu/Mr      =   0.307  --->  O.K ! 
           -. Ratio      =   0.307  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5109.09 kN. 
           -. Vuz    =        395.33 kN. 
           -. Muy    =       -464.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.39 
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           -. Vuy    =       1201.86 kN. 
           -. Muz    =        -41.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.29 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      395.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1078.49 kN. 
           -. phiVcz    = phi * Vcz =      970.64 kN. 
 
           -. Vuy       =     1201.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1035.13 kN. 
           -. phiVcy    = phi * Vcy =      931.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2027.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6069.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2027.20 kN. 
           -. phiVsz   = phi*Vsz =     1824.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1997.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6113.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1997.38 kN. 
           -. phiVsy   = phi*Vsy =     1797.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1265.208 kN. 
           -. Vr       =    2729.261 kN. 
           -. Ratio    = Vu / Vr = 0.464  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1405.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1405.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116105,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2081.14       415.07       485.48       210.89       654.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2081.14       415.07       485.48       210.89       654.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7087.182 kN. 
           -. Mry        =      1658.930 kN-m. 
           -. Mrz        =      2228.074 kN-m. 
           -. Mr         =      2777.834 kN-m. 
           -. Pu/Pr      =   0.294  --->  O.K ! 
           -. Muy/Mry    =   0.293  --->  O.K ! 
           -. Muz/Mrz    =   0.294  --->  O.K ! 
           -. Mu/Mr      =   0.294  --->  O.K ! 
           -. Ratio      =   0.294  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5125.96 kN. 
           -. Vuz    =        353.83 kN. 
           -. Muy    =       -522.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.45 
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           -. Vuy    =       1076.84 kN. 
           -. Muz    =       -505.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.35 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      353.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1106.38 kN. 
           -. phiVcz    = phi * Vcz =      995.75 kN. 
 
           -. Vuy       =     1076.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1062.99 kN. 
           -. phiVcy    = phi * Vcy =      956.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2045.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6042.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2045.44 kN. 
           -. phiVsz   = phi*Vsz =     1840.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2016.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6085.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2016.75 kN. 
           -. phiVsy   = phi*Vsy =     1815.08 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1133.484 kN. 
           -. Vr       =    2771.770 kN. 
           -. Ratio    = Vu / Vr = 0.409  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1259.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1259.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2069.35       485.48       564.06       654.21      1111.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2069.35       485.48       564.06       654.21      1111.35 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5542.819 kN. 
           -. Mry        =      1517.017 kN-m. 
           -. Mrz        =      2964.227 kN-m. 
           -. Mr         =      3329.862 kN-m. 
           -. Pu/Pr      =   0.373  --->  O.K ! 
           -. Muy/Mry    =   0.372  --->  O.K ! 
           -. Muz/Mrz    =   0.375  --->  O.K ! 
           -. Mu/Mr      =   0.375  --->  O.K ! 
           -. Ratio      =   0.375  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5142.81 kN. 
           -. Vuz    =        313.08 kN. 
           -. Muy    =       -589.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.43 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        953.70 kN. 
           -. Muz    =       -982.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      313.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1098.39 kN. 
           -. phiVcz    = phi * Vcz =      988.55 kN. 
 
           -. Vuy       =      953.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1055.00 kN. 
           -. phiVcy    = phi * Vcy =      949.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2040.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6050.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2040.28 kN. 
           -. phiVsz   = phi*Vsz =     1836.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2011.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6093.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2011.27 kN. 
           -. phiVsy   = phi*Vsy =     1810.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1003.775 kN. 
           -. Vr       =    2759.643 kN. 
           -. Ratio    = Vu / Vr = 0.364  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1115.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1115.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2057.55       564.06       645.08      1111.35      1515.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2057.55       564.06       645.08      1111.35      1515.20 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4545.694 kN. 
           -. Mry        =      1433.712 kN-m. 
           -. Mrz        =      3367.314 kN-m. 
           -. Mr         =      3659.827 kN-m. 
           -. Pu/Pr      =   0.453  --->  O.K ! 
           -. Muy/Mry    =   0.450  --->  O.K ! 
           -. Muz/Mrz    =   0.450  --->  O.K ! 
           -. Mu/Mr      =   0.453  --->  O.K ! 
           -. Ratio      =   0.453  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5159.66 kN. 
           -. Vuz    =        273.59 kN. 
           -. Muy    =       -660.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        833.98 kN. 
           -. Muz    =      -1406.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.25 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      273.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1060.60 kN. 
           -. phiVcz    = phi * Vcz =      954.54 kN. 
 
           -. Vuy       =      833.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1017.29 kN. 
           -. phiVcy    = phi * Vcy =      915.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2015.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6087.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2015.12 kN. 
           -. phiVsz   = phi*Vsz =     1813.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1984.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6131.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1984.57 kN. 
           -. phiVsy   = phi*Vsy =     1786.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     877.705 kN. 
           -. Vr       =    2701.671 kN. 
           -. Ratio    = Vu / Vr = 0.325  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1105 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      975.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      975.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116108,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2045.74       645.08       721.18      1515.20      1864.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2045.74       645.08       721.18      1515.20      1864.57 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3928.107 kN. 
           -. Mry        =      1406.482 kN-m. 
           -. Mrz        =      3593.353 kN-m. 
           -. Mr         =      3858.805 kN-m. 
           -. Pu/Pr      =   0.521  --->  O.K ! 
           -. Muy/Mry    =   0.513  --->  O.K ! 
           -. Muz/Mrz    =   0.519  --->  O.K ! 
           -. Mu/Mr      =   0.521  --->  O.K ! 
           -. Ratio      =   0.521  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5176.50 kN. 
           -. Vuz    =        235.88 kN. 
           -. Muy    =       -726.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        719.22 kN. 
           -. Muz    =      -1774.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      235.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1029.67 kN. 
           -. phiVcz    = phi * Vcz =      926.70 kN. 
 
           -. Vuy       =      719.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      986.50 kN. 
           -. phiVcy    = phi * Vcy =      887.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1993.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6118.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1993.49 kN. 
           -. phiVsz   = phi*Vsz =     1794.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1961.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6161.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1961.64 kN. 
           -. phiVsy   = phi*Vsy =     1765.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     756.913 kN. 
           -. Vr       =    2653.321 kN. 
           -. Ratio    = Vu / Vr = 0.285  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      841.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      841.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116109,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2033.93       721.18       792.47      1864.57      2152.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2033.93       721.18       792.47      1864.57      2152.58 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1111 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3535.041 kN. 
           -. Mry        =      1378.943 kN-m. 
           -. Mrz        =      3729.394 kN-m. 
           -. Mr         =      3976.162 kN-m. 
           -. Pu/Pr      =   0.575  --->  O.K ! 
           -. Muy/Mry    =   0.575  --->  O.K ! 
           -. Muz/Mrz    =   0.577  --->  O.K ! 
           -. Mu/Mr      =   0.577  --->  O.K ! 
           -. Ratio      =   0.577  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5193.34 kN. 
           -. Vuz    =        194.73 kN. 
           -. Muy    =       -789.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        593.54 kN. 
           -. Muz    =      -2080.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      194.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1007.57 kN. 
           -. phiVcz    = phi * Vcz =      906.82 kN. 
 
           -. Vuy       =      593.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      964.54 kN. 
           -. phiVcy    = phi * Vcy =      868.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1977.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6140.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1977.44 kN. 
           -. phiVsz   = phi*Vsz =     1779.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1944.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6183.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1944.63 kN. 
           -. phiVsy   = phi*Vsy =     1750.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     624.666 kN. 
           -. Vr       =    2618.254 kN. 
           -. Ratio    = Vu / Vr = 0.239  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      694.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      694.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116110,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2022.11       792.47       842.58      2152.58      2345.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2022.11       792.47       842.58      2152.58      2345.88 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3287.521 kN. 
           -. Mry        =      1370.843 kN-m. 
           -. Mrz        =      3811.267 kN-m. 
           -. Mr         =      4050.305 kN-m. 
           -. Pu/Pr      =   0.615  --->  O.K ! 
           -. Muy/Mry    =   0.615  --->  O.K ! 
           -. Muz/Mrz    =   0.616  --->  O.K ! 
           -. Mu/Mr      =   0.616  --->  O.K ! 
           -. Ratio      =   0.616  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5210.17 kN. 
           -. Vuz    =        132.64 kN. 
           -. Muy    =       -831.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.22 
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           -. Vuy    =        402.34 kN. 
           -. Muz    =      -2290.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.12 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      132.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1002.72 kN. 
           -. phiVcz    = phi * Vcz =      902.45 kN. 
 
           -. Vuy       =      402.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      959.73 kN. 
           -. phiVcy    = phi * Vcy =      863.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1973.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6145.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1973.85 kN. 
           -. phiVsz   = phi*Vsz =     1776.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1940.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6188.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1940.82 kN. 
           -. phiVsy   = phi*Vsy =     1746.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     423.639 kN. 
           -. Vr       =    2610.495 kN. 
           -. Ratio    = Vu / Vr = 0.162  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1117 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      470.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      470.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
4.2267e-006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=9.6611e-006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =9.6611e-006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116111,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2010.28       842.58       866.62      2345.88      2451.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2010.28       842.58       866.62      2345.88      2451.93 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3179.952 kN. 
           -. Mry        =      1360.965 kN-m. 
           -. Mrz        =      3848.873 kN-m. 
           -. Mr         =      4082.408 kN-m. 
           -. Pu/Pr      =   0.632  --->  O.K ! 
           -. Muy/Mry    =   0.637  --->  O.K ! 
           -. Muz/Mrz    =   0.637  --->  O.K ! 
           -. Mu/Mr      =   0.637  --->  O.K ! 
           -. Ratio      =   0.637  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5226.99 kN. 
           -. Vuz    =         77.31 kN. 
           -. Muy    =       -850.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        227.53 kN. 
           -. Muz    =      -2411.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       77.31 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1006.05 kN. 
           -. phiVcz    = phi * Vcz =      905.45 kN. 
 
           -. Vuy       =      227.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      963.03 kN. 
           -. phiVcy    = phi * Vcy =      866.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1976.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6142.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1976.32 kN. 
           -. phiVsz   = phi*Vsz =     1778.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1943.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6185.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1943.44 kN. 
           -. phiVsy   = phi*Vsy =     1749.10 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     240.304 kN. 
           -. Vr       =    2615.823 kN. 
           -. Ratio    = Vu / Vr = 0.092  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1121 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      267.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      267.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
1.0820e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
2.9767e-006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-2.9767e-006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116112,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1998.45       866.62       867.18      2451.93      2480.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1998.45       866.62       867.18      2451.93      2480.22 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3108.869 kN. 
           -. Mry        =      1354.355 kN-m. 
           -. Mrz        =      3873.686 kN-m. 
           -. Mr         =      4103.623 kN-m. 
           -. Pu/Pr      =   0.643  --->  O.K ! 
           -. Muy/Mry    =   0.640  --->  O.K ! 
           -. Muz/Mrz    =   0.640  --->  O.K ! 
           -. Mu/Mr      =   0.643  --->  O.K ! 
           -. Ratio      =   0.643  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5243.80 kN. 
           -. Vuz    =         58.64 kN. 
           -. Muy    =       -846.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =         73.03 kN. 
           -. Muz    =      -2452.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       58.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1014.89 kN. 
           -. phiVcz    = phi * Vcz =      913.40 kN. 
 
           -. Vuy       =       73.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      971.81 kN. 
           -. phiVcy    = phi * Vcy =      874.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6133.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.82 kN. 
           -. phiVsz   = phi*Vsz =     1784.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1950.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6176.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1950.32 kN. 
           -. phiVsy   = phi*Vsy =     1755.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      93.658 kN. 
           -. Vr       =    2629.919 kN. 
           -. Ratio    = Vu / Vr = 0.036  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      104.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      104.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1998.60       867.18       847.68      2480.22      2441.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1998.60       867.18       847.68      2480.22      2441.59 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3108.869 kN. 
           -. Mry        =      1354.355 kN-m. 
           -. Mrz        =      3873.686 kN-m. 
           -. Mr         =      4103.623 kN-m. 
           -. Pu/Pr      =   0.643  --->  O.K ! 
           -. Muy/Mry    =   0.640  --->  O.K ! 
           -. Muz/Mrz    =   0.640  --->  O.K ! 
           -. Mu/Mr      =   0.643  --->  O.K ! 
           -. Ratio      =   0.643  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3685.24 kN. 
           -. Vuz    =        143.49 kN. 
           -. Muy    =      -1912.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.52 
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           -. Vuy    =         36.40 kN. 
           -. Muz    =      -1130.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      143.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1137.28 kN. 
           -. phiVcz    = phi * Vcz =     1023.55 kN. 
 
           -. Vuy       =       36.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1093.93 kN. 
           -. phiVcy    = phi * Vcy =      984.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2064.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6011.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2064.84 kN. 
           -. phiVsz   = phi*Vsz =     1858.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2037.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6054.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2037.38 kN. 
           -. phiVsy   = phi*Vsy =     1833.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     148.034 kN. 
           -. Vr       =    2818.173 kN. 
           -. Ratio    = Vu / Vr = 0.053  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      164.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      164.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1986.75       847.68       810.61      2441.59      2347.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1986.75       847.68       810.61      2441.59      2347.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3143.617 kN. 
           -. Mry        =      1342.634 kN-m. 
           -. Mrz        =      3866.615 kN-m. 
           -. Mr         =      4093.089 kN-m. 
           -. Pu/Pr      =   0.632  --->  O.K ! 
           -. Muy/Mry    =   0.631  --->  O.K ! 
           -. Muz/Mrz    =   0.631  --->  O.K ! 
           -. Mu/Mr      =   0.632  --->  O.K ! 
           -. Ratio      =   0.632  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3701.97 kN. 
           -. Vuz    =        206.04 kN. 
           -. Muy    =      -1849.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =         81.11 kN. 
           -. Muz    =      -1118.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      206.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1135.87 kN. 
           -. phiVcz    = phi * Vcz =     1022.28 kN. 
 
           -. Vuy       =       81.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1092.51 kN. 
           -. phiVcy    = phi * Vcy =      983.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2063.97 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6012.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2063.97 kN. 
           -. phiVsz   = phi*Vsz =     1857.58 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2036.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6055.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2036.45 kN. 
           -. phiVsy   = phi*Vsy =     1832.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     221.431 kN. 
           -. Vr       =    2816.068 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      246.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      246.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1974.90       810.61       759.80      2347.63      2210.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1974.90       810.61       759.80      2347.63      2210.83 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3249.335 kN. 
           -. Mry        =      1326.286 kN-m. 
           -. Mrz        =      3838.535 kN-m. 
           -. Mr         =      4061.205 kN-m. 
           -. Pu/Pr      =   0.608  --->  O.K ! 
           -. Muy/Mry    =   0.611  --->  O.K ! 
           -. Muz/Mrz    =   0.612  --->  O.K ! 
           -. Mu/Mr      =   0.612  --->  O.K ! 
           -. Ratio      =   0.612  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5277.55 kN. 
           -. Vuz    =        110.79 kN. 
           -. Muy    =       -785.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.36 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        260.74 kN. 
           -. Muz    =      -2340.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.14 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      110.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1009.17 kN. 
           -. phiVcz    = phi * Vcz =      908.25 kN. 
 
           -. Vuy       =      260.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      966.13 kN. 
           -. phiVcy    = phi * Vcy =      869.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1978.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6139.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1978.62 kN. 
           -. phiVsz   = phi*Vsz =     1780.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1945.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6182.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1945.88 kN. 
           -. phiVsy   = phi*Vsy =     1751.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     283.298 kN. 
           -. Vr       =    2620.804 kN. 
           -. Ratio    = Vu / Vr = 0.108  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      314.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      314.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1963.04       759.80       699.05      2210.83      2042.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1963.04       759.80       699.05      2210.83      2042.40 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3403.560 kN. 
           -. Mry        =      1306.373 kN-m. 
           -. Mrz        =      3796.134 kN-m. 
           -. Mr         =      4014.629 kN-m. 
           -. Pu/Pr      =   0.577  --->  O.K ! 
           -. Muy/Mry    =   0.582  --->  O.K ! 
           -. Muz/Mrz    =   0.582  --->  O.K ! 
           -. Mu/Mr      =   0.582  --->  O.K ! 
           -. Ratio      =   0.582  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5294.33 kN. 
           -. Vuz    =        124.83 kN. 
           -. Muy    =       -733.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        327.42 kN. 
           -. Muz    =      -2211.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.16 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      124.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1017.19 kN. 
           -. phiVcz    = phi * Vcz =      915.47 kN. 
 
           -. Vuy       =      327.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      974.09 kN. 
           -. phiVcy    = phi * Vcy =      876.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1984.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6131.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1984.49 kN. 
           -. phiVsz   = phi*Vsz =     1786.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1952.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6174.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1952.10 kN. 
           -. phiVsy   = phi*Vsy =     1756.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     350.410 kN. 
           -. Vr       =    2633.566 kN. 
           -. Ratio    = Vu / Vr = 0.133  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1141 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      389.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      389.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116117,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1951.17       699.05       632.05      2042.40      1853.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1951.17       699.05       632.05      2042.40      1853.06 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3571.632 kN. 
           -. Mry        =      1285.892 kN-m. 
           -. Mrz        =      3749.374 kN-m. 
           -. Mr         =      3963.752 kN-m. 
           -. Pu/Pr      =   0.546  --->  O.K ! 
           -. Muy/Mry    =   0.544  --->  O.K ! 
           -. Muz/Mrz    =   0.545  --->  O.K ! 
           -. Mu/Mr      =   0.546  --->  O.K ! 
           -. Ratio      =   0.546  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5311.11 kN. 
           -. Vuz    =        134.42 kN. 
           -. Muy    =       -673.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        371.65 kN. 
           -. Muz    =      -2049.13 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.19 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      134.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1031.36 kN. 
           -. phiVcz    = phi * Vcz =      928.23 kN. 
 
           -. Vuy       =      371.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      988.18 kN. 
           -. phiVcy    = phi * Vcy =      889.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1994.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6117.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1994.70 kN. 
           -. phiVsz   = phi*Vsz =     1795.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1962.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6160.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1962.92 kN. 
           -. phiVsy   = phi*Vsy =     1766.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     395.207 kN. 
           -. Vr       =    2655.984 kN. 
           -. Ratio    = Vu / Vr = 0.149  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      439.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      439.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116118,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1939.30       632.05       562.21      1853.06      1653.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1939.30       632.05       562.21      1853.06      1653.23 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3828.198 kN. 
           -. Mry        =      1257.873 kN-m. 
           -. Mrz        =      3676.652 kN-m. 
           -. Mr         =      3885.874 kN-m. 
           -. Pu/Pr      =   0.507  --->  O.K ! 
           -. Muy/Mry    =   0.502  --->  O.K ! 
           -. Muz/Mrz    =   0.504  --->  O.K ! 
           -. Mu/Mr      =   0.507  --->  O.K ! 
           -. Ratio      =   0.507  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5327.89 kN. 
           -. Vuz    =        138.03 kN. 
           -. Muy    =       -607.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.96 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =        394.89 kN. 
           -. Muz    =      -1864.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      138.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.81 kN. 
           -. phiVcz    = phi * Vcz =      945.73 kN. 
 
           -. Vuy       =      394.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1007.53 kN. 
           -. phiVcy    = phi * Vcy =      906.78 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2008.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6097.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2008.38 kN. 
           -. phiVsz   = phi*Vsz =     1807.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1977.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6140.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1977.41 kN. 
           -. phiVsy   = phi*Vsy =     1779.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     418.318 kN. 
           -. Vr       =    2686.453 kN. 
           -. Ratio    = Vu / Vr = 0.156  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      464.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      464.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116119,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1927.41       562.21       492.61      1653.23      1452.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1927.41       562.21       492.61      1653.23      1452.39 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4178.986 kN. 
           -. Mry        =      1221.567 kN-m. 
           -. Mrz        =      3576.114 kN-m. 
           -. Mr         =      3778.997 kN-m. 
           -. Pu/Pr      =   0.461  --->  O.K ! 
           -. Muy/Mry    =   0.460  --->  O.K ! 
           -. Muz/Mrz    =   0.462  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5344.65 kN. 
           -. Vuz    =        136.27 kN. 
           -. Muy    =       -538.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.38 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        399.16 kN. 
           -. Muz    =      -1667.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      136.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1074.55 kN. 
           -. phiVcz    = phi * Vcz =      967.10 kN. 
 
           -. Vuy       =      399.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1031.20 kN. 
           -. phiVcy    = phi * Vcy =      928.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2024.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6073.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2024.56 kN. 
           -. phiVsz   = phi*Vsz =     1822.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1994.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6117.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1994.58 kN. 
           -. phiVsy   = phi*Vsy =     1795.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     421.776 kN. 
           -. Vr       =    2723.206 kN. 
           -. Ratio    = Vu / Vr = 0.155  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      468.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      468.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116120,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1915.53       492.61       425.83      1452.39      1258.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1915.53       492.61       425.83      1452.39      1258.53 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4540.404 kN. 
           -. Mry        =      1184.558 kN-m. 
           -. Mrz        =      3471.952 kN-m. 
           -. Mr         =      3668.464 kN-m. 
           -. Pu/Pr      =   0.422  --->  O.K ! 
           -. Muy/Mry    =   0.416  --->  O.K ! 
           -. Muz/Mrz    =   0.418  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5361.41 kN. 
           -. Vuz    =        129.90 kN. 
           -. Muy    =       -471.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
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           -. Vuy    =        387.31 kN. 
           -. Muz    =      -1468.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      129.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1101.50 kN. 
           -. phiVcz    = phi * Vcz =      991.35 kN. 
 
           -. Vuy       =      387.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1058.11 kN. 
           -. phiVcy    = phi * Vcy =      952.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6046.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.29 kN. 
           -. phiVsz   = phi*Vsz =     1838.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2013.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6090.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2013.41 kN. 
           -. phiVsy   = phi*Vsy =     1812.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     408.511 kN. 
           -. Vr       =    2764.369 kN. 
           -. Ratio    = Vu / Vr = 0.148  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      453.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      453.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116121,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1903.63       425.83       362.77      1258.53      1074.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1903.63       425.83       362.77      1258.53      1074.72 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5054.895 kN. 
           -. Mry        =      1118.284 kN-m. 
           -. Mrz        =      3317.509 kN-m. 
           -. Mr         =      3500.918 kN-m. 
           -. Pu/Pr      =   0.377  --->  O.K ! 
           -. Muy/Mry    =   0.381  --->  O.K ! 
           -. Muz/Mrz    =   0.379  --->  O.K ! 
           -. Mu/Mr      =   0.381  --->  O.K ! 
           -. Ratio      =   0.381  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5378.17 kN. 
           -. Vuz    =        122.17 kN. 
           -. Muy    =       -406.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
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           -. Vuy    =        368.59 kN. 
           -. Muz    =      -1274.71 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.40 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      122.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1129.76 kN. 
           -. phiVcz    = phi * Vcz =     1016.78 kN. 
 
           -. Vuy       =      368.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1086.39 kN. 
           -. phiVcy    = phi * Vcy =      977.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6018.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.19 kN. 
           -. phiVsz   = phi*Vsz =     1854.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2032.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6062.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2032.43 kN. 
           -. phiVsy   = phi*Vsy =     1829.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     388.310 kN. 
           -. Vr       =    2806.937 kN. 
           -. Ratio    = Vu / Vr = 0.138  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      431.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      431.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116122,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1891.73       362.77       304.57      1074.72       904.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1891.73       362.77       304.57      1074.72       904.32 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5532.339 kN. 
           -. Mry        =      1064.235 kN-m. 
           -. Mrz        =      3158.529 kN-m. 
           -. Mr         =      3333.002 kN-m. 
           -. Pu/Pr      =   0.342  --->  O.K ! 
           -. Muy/Mry    =   0.341  --->  O.K ! 
           -. Muz/Mrz    =   0.340  --->  O.K ! 
           -. Mu/Mr      =   0.342  --->  O.K ! 
           -. Ratio      =   0.342  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5394.91 kN. 
           -. Vuz    =        112.35 kN. 
           -. Muy    =       -345.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
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           -. Vuy    =        342.62 kN. 
           -. Muz    =      -1090.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.47 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.35 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1158.99 kN. 
           -. phiVcz    = phi * Vcz =     1043.09 kN. 
 
           -. Vuy       =      342.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1115.70 kN. 
           -. phiVcy    = phi * Vcy =     1004.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2078.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5989.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2078.00 kN. 
           -. phiVsz   = phi*Vsz =     1870.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2051.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6032.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2051.38 kN. 
           -. phiVsy   = phi*Vsy =     1846.24 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     360.574 kN. 
           -. Vr       =    2850.372 kN. 
           -. Ratio    = Vu / Vr = 0.127  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      400.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      400.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116123,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1879.82       304.57       252.00       904.32       749.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1879.82       304.57       252.00       904.32       749.78 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6147.396 kN. 
           -. Mry        =       995.047 kN-m. 
           -. Mrz        =      2951.870 kN-m. 
           -. Mr         =      3115.069 kN-m. 
           -. Pu/Pr      =   0.306  --->  O.K ! 
           -. Muy/Mry    =   0.306  --->  O.K ! 
           -. Muz/Mrz    =   0.306  --->  O.K ! 
           -. Mu/Mr      =   0.306  --->  O.K ! 
           -. Ratio      =   0.306  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5411.65 kN. 
           -. Vuz    =        101.13 kN. 
           -. Muy    =       -289.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
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           -. Vuy    =        311.51 kN. 
           -. Muz    =       -919.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      101.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1188.41 kN. 
           -. phiVcz    = phi * Vcz =     1069.57 kN. 
 
           -. Vuy       =      311.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1145.27 kN. 
           -. phiVcy    = phi * Vcy =     1030.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2095.25 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5960.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2095.25 kN. 
           -. phiVsz   = phi*Vsz =     1885.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2069.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6003.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2069.73 kN. 
           -. phiVsy   = phi*Vsy =     1862.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     327.512 kN. 
           -. Vr       =    2893.501 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1169 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      363.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      363.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0051 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116124,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1867.90       252.00       205.53       749.78       612.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1867.90       252.00       205.53       749.78       612.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6771.691 kN. 
           -. Mry        =       924.679 kN-m. 
           -. Mrz        =      2740.754 kN-m. 
           -. Mr         =      2892.536 kN-m. 
           -. Pu/Pr      =   0.276  --->  O.K ! 
           -. Muy/Mry    =   0.273  --->  O.K ! 
           -. Muz/Mrz    =   0.274  --->  O.K ! 
           -. Mu/Mr      =   0.276  --->  O.K ! 
           -. Ratio      =   0.276  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5428.38 kN. 
           -. Vuz    =         89.09 kN. 
           -. Muy    =       -239.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.69 
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           -. Vuy    =        277.19 kN. 
           -. Muz    =       -764.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       89.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1217.22 kN. 
           -. phiVcz    = phi * Vcz =     1095.50 kN. 
 
           -. Vuy       =      277.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1174.29 kN. 
           -. phiVcy    = phi * Vcy =     1056.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2111.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5931.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2111.52 kN. 
           -. phiVsz   = phi*Vsz =     1900.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2087.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5974.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2087.06 kN. 
           -. phiVsy   = phi*Vsy =     1878.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     291.154 kN. 
           -. Vr       =    2935.217 kN. 
           -. Ratio    = Vu / Vr = 0.099  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      323.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      323.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0057 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116125,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1855.98       205.53       163.55       612.63       488.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1855.98       205.53       163.55       612.63       488.41 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7556.971 kN. 
           -. Mry        =       826.191 kN-m. 
           -. Mrz        =      2474.464 kN-m. 
           -. Mr         =      2608.747 kN-m. 
           -. Pu/Pr      =   0.246  --->  O.K ! 
           -. Muy/Mry    =   0.249  --->  O.K ! 
           -. Muz/Mrz    =   0.248  --->  O.K ! 
           -. Mu/Mr      =   0.249  --->  O.K ! 
           -. Ratio      =   0.249  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5445.11 kN. 
           -. Vuz    =         80.29 kN. 
           -. Muy    =       -194.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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           -. Vuy    =        251.59 kN. 
           -. Muz    =       -625.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       80.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1243.18 kN. 
           -. phiVcz    = phi * Vcz =     1118.86 kN. 
 
           -. Vuy       =      251.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1200.49 kN. 
           -. phiVcy    = phi * Vcy =     1080.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2125.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5905.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2125.66 kN. 
           -. phiVsz   = phi*Vsz =     1913.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2102.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5948.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2102.14 kN. 
           -. phiVsy   = phi*Vsy =     1891.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     264.091 kN. 
           -. Vr       =    2972.364 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      293.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      293.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0062 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0062 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0062 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116126,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5461.82      -154.56      -118.41      -499.77      -385.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5461.82      -154.56      -118.41      -499.77      -385.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      118.41 kN-m. 
           -. End Moments (My2) =      154.56 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -154.56 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -154.56 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      385.58 kN-m. 
           -. End Moments (Mz2) =      499.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -499.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -499.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1180 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24029.257 kN. 
           -. Mry        =       678.334 kN-m. 
           -. Mrz        =      2199.505 kN-m. 
           -. Mr         =      2301.730 kN-m. 
           -. Pu/Pr      =   0.227  --->  O.K ! 
           -. Muy/Mry    =   0.228  --->  O.K ! 
           -. Muz/Mrz    =   0.227  --->  O.K ! 
           -. Mu/Mr      =   0.228  --->  O.K ! 
           -. Ratio      =   0.228  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5461.82 kN. 
           -. Vuz    =         72.42 kN. 
           -. Muy    =       -154.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
 
           -. Vuy    =        228.40 kN. 
           -. Muz    =       -499.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1267.57 kN. 
           -. phiVcz    = phi * Vcz =     1140.82 kN. 
 
           -. Vuy       =      228.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1225.15 kN. 
           -. phiVcy    = phi * Vcy =     1102.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2138.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5880.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2138.55 kN. 
           -. phiVsz   = phi*Vsz =     1924.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2115.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5923.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2115.89 kN. 
           -. phiVsy   = phi*Vsy =     1904.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     239.610 kN. 
           -. Vr       =    3006.940 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      266.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      266.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0067 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0067 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0067 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1182 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116127,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5495.19      -118.41       -85.97      -385.58      -282.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5495.19      -118.41       -85.97      -385.58      -282.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       85.97 kN-m. 
           -. End Moments (My2) =      118.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -85.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -85.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      282.43 kN-m. 
           -. End Moments (Mz2) =      385.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -282.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -282.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       382.034 kN-m. 
           -. Mrz        =      1254.224 kN-m. 
           -. Mr         =      1311.117 kN-m. 
           -. Pu/Pr      =   0.225  --->  O.K ! 
           -. Muy/Mry    =   0.225  --->  O.K ! 
           -. Muz/Mrz    =   0.225  --->  O.K ! 
           -. Mu/Mr      =   0.225  --->  O.K ! 
           -. Ratio      =   0.225  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5478.54 kN. 
           -. Vuz    =         65.02 kN. 
           -. Muy    =       -118.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        206.32 kN. 
           -. Muz    =       -385.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       65.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1290.60 kN. 
           -. phiVcz    = phi * Vcz =     1161.54 kN. 
 
           -. Vuy       =      206.32 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1248.48 kN. 
           -. phiVcy    = phi * Vcy =     1123.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5857.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.37 kN. 
           -. phiVsz   = phi*Vsz =     1935.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2128.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5900.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2128.50 kN. 
           -. phiVsy   = phi*Vsy =     1915.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     216.328 kN. 
           -. Vr       =    3039.278 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      240.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      240.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0071 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0071 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0071 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116128,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5511.90       -85.97       -56.91      -282.43      -189.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5511.90       -85.97       -56.91      -282.43      -189.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       56.91 kN-m. 
           -. End Moments (My2) =       85.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -56.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -56.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      189.46 kN-m. 
           -. End Moments (Mz2) =      282.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -189.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -189.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       252.163 kN-m. 
           -. Mrz        =       838.801 kN-m. 
           -. Mr         =       875.885 kN-m. 
           -. Pu/Pr      =   0.226  --->  O.K ! 
           -. Muy/Mry    =   0.226  --->  O.K ! 
           -. Muz/Mrz    =   0.226  --->  O.K ! 
           -. Mu/Mr      =   0.226  --->  O.K ! 
           -. Ratio      =   0.226  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5495.24 kN. 
           -. Vuz    =         58.28 kN. 
           -. Muy    =        -85.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        185.97 kN. 
           -. Muz    =       -282.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1189 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       58.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1312.06 kN. 
           -. phiVcz    = phi * Vcz =     1180.85 kN. 
 
           -. Vuy       =      185.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1270.25 kN. 
           -. phiVcy    = phi * Vcy =     1143.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2161.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5836.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2161.08 kN. 
           -. phiVsz   = phi*Vsz =     1944.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2139.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5878.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2139.94 kN. 
           -. phiVsy   = phi*Vsy =     1925.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     194.884 kN. 
           -. Vr       =    3069.170 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      216.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      216.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0075 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0075 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0075 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5528.59       -56.91       -33.67      -189.46      -114.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5528.59       -56.91       -33.67      -189.46      -114.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       33.67 kN-m. 
           -. End Moments (My2) =       56.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -33.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -33.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      114.25 kN-m. 
           -. End Moments (Mz2) =      189.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -114.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -114.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       148.800 kN-m. 
           -. Mrz        =       504.281 kN-m. 
           -. Mr         =       525.776 kN-m. 
           -. Pu/Pr      =   0.227  --->  O.K ! 
           -. Muy/Mry    =   0.226  --->  O.K ! 
           -. Muz/Mrz    =   0.227  --->  O.K ! 
           -. Mu/Mr      =   0.227  --->  O.K ! 
           -. Ratio      =   0.227  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5511.94 kN. 
           -. Vuz    =         46.64 kN. 
           -. Muy    =        -56.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        150.45 kN. 
           -. Muz    =       -189.46 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       46.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1334.81 kN. 
           -. phiVcz    = phi * Vcz =     1201.33 kN. 
 
           -. Vuy       =      150.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1293.37 kN. 
           -. phiVcy    = phi * Vcy =     1164.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2172.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5813.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2172.15 kN. 
           -. phiVsz   = phi*Vsz =     1954.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2151.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5855.11 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2151.77 kN. 
           -. phiVsy   = phi*Vsy =     1936.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     157.514 kN. 
           -. Vr       =    3100.626 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      175.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      175.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0079 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0079 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0079 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5545.28       -33.67       -17.79      -114.25       -61.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5545.28       -33.67       -17.79      -114.25       -61.79 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       17.79 kN-m. 
           -. End Moments (My2) =       33.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -17.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -17.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       61.79 kN-m. 
           -. End Moments (Mz2) =      114.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -61.79 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -61.79 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        78.321 kN-m. 
           -. Mrz        =       271.917 kN-m. 
           -. Mr         =       282.971 kN-m. 
           -. Pu/Pr      =   0.227  --->  O.K ! 
           -. Muy/Mry    =   0.227  --->  O.K ! 
           -. Muz/Mrz    =   0.227  --->  O.K ! 
           -. Mu/Mr      =   0.227  --->  O.K ! 
           -. Ratio      =   0.227  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5528.63 kN. 
           -. Vuz    =         31.92 kN. 
           -. Muy    =        -33.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        104.95 kN. 
           -. Muz    =       -114.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       31.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1356.48 kN. 
           -. phiVcz    = phi * Vcz =     1220.83 kN. 
 
           -. Vuy       =      104.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1315.43 kN. 
           -. phiVcy    = phi * Vcy =     1183.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.42 kN. 
           -. phiVsz   = phi*Vsz =     1964.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2162.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5833.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2162.74 kN. 
           -. phiVsy   = phi*Vsy =     1946.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     109.695 kN. 
           -. Vr       =    3130.358 kN. 
           -. Ratio    = Vu / Vr = 0.035  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      121.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      121.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116131,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5561.97       -17.79        -7.86       -61.79       -28.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5561.97       -17.79        -7.86       -61.79       -28.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.86 kN-m. 
           -. End Moments (My2) =       17.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.86 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.86 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       28.18 kN-m. 
           -. End Moments (Mz2) =       61.79 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -28.18 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -28.18 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        34.494 kN-m. 
           -. Mrz        =       123.649 kN-m. 
           -. Mr         =       128.370 kN-m. 
           -. Pu/Pr      =   0.228  --->  O.K ! 
           -. Muy/Mry    =   0.228  --->  O.K ! 
           -. Muz/Mrz    =   0.228  --->  O.K ! 
           -. Mu/Mr      =   0.228  --->  O.K ! 
           -. Ratio      =   0.228  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5561.97 kN. 
           -. Vuz    =         19.95 kN. 
           -. Muy    =         -7.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =         67.26 kN. 
           -. Muz    =        -28.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       19.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1371.93 kN. 
           -. phiVcz    = phi * Vcz =     1234.74 kN. 
 
           -. Vuy       =       67.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1331.18 kN. 
           -. phiVcy    = phi * Vcy =     1198.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2189.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5776.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2189.58 kN. 
           -. phiVsz   = phi*Vsz =     1970.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5817.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.40 kN. 
           -. phiVsy   = phi*Vsy =     1953.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      70.155 kN. 
           -. Vr       =    3151.427 kN. 
           -. Ratio    = Vu / Vr = 0.022  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       77.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       77.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0087 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0087 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0087 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116132,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5578.64        -7.86        -2.51       -28.18        -9.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5578.64        -7.86        -2.51       -28.18        -9.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.51 kN-m. 
           -. End Moments (My2) =        7.86 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.39 kN-m. 
           -. End Moments (Mz2) =       28.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        10.956 kN-m. 
           -. Mrz        =        41.099 kN-m. 
           -. Mr         =        42.534 kN-m. 
           -. Pu/Pr      =   0.229  --->  O.K ! 
           -. Muy/Mry    =   0.229  --->  O.K ! 
           -. Muz/Mrz    =   0.229  --->  O.K ! 
           -. Mu/Mr      =   0.229  --->  O.K ! 
           -. Ratio      =   0.229  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5578.64 kN. 
           -. Vuz    =         10.78 kN. 
           -. Muy    =         -2.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.66 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.06 
 
           -. Vuy    =         37.61 kN. 
           -. Muz    =         -9.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.97 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1381.26 kN. 
           -. phiVcz    = phi * Vcz =     1243.14 kN. 
 
           -. Vuy       =       37.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1340.70 kN. 
           -. phiVcy    = phi * Vcy =     1206.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2193.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5767.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2193.85 kN. 
           -. phiVsz   = phi*Vsz =     1974.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2174.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5807.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2174.97 kN. 
           -. phiVsy   = phi*Vsy =     1957.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      39.123 kN. 
           -. Vr       =    3164.102 kN. 
           -. Ratio    = Vu / Vr = 0.012  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       43.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       43.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0089 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0089 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0089 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116133,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5595.31        -2.51        -0.37        -9.39        -1.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5595.31        -2.51        -0.37        -9.39        -1.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.37 kN-m. 
           -. End Moments (My2) =        2.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.37 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.37 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.35 kN-m. 
           -. End Moments (Mz2) =        9.39 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         1.630 kN-m. 
           -. Mrz        =         5.897 kN-m. 
           -. Mr         =         6.118 kN-m. 
           -. Pu/Pr      =   0.229  --->  O.K ! 
           -. Muy/Mry    =   0.229  --->  O.K ! 
           -. Muz/Mrz    =   0.229  --->  O.K ! 
           -. Mu/Mr      =   0.229  --->  O.K ! 
           -. Ratio      =   0.229  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5595.31 kN. 
           -. Vuz    =          4.39 kN. 
           -. Muy    =         -0.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =         16.10 kN. 
           -. Muz    =         -1.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1387.68 kN. 
           -. phiVcz    = phi * Vcz =     1248.92 kN. 
 
           -. Vuy       =       16.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1347.26 kN. 
           -. phiVcy    = phi * Vcy =     1212.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2196.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5760.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2196.75 kN. 
           -. phiVsz   = phi*Vsz =     1977.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2178.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5801.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2178.08 kN. 
           -. phiVsy   = phi*Vsy =     1960.27 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      16.683 kN. 
           -. Vr       =    3172.802 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0090 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0090 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0090 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1210 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116134,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5611.97        -0.37         0.00        -1.35         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5611.97        -0.37         0.00        -1.35         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.37 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        1.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.230  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.230  --->  O.K ! 
           -. Ratio      =   0.230  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5611.97 kN. 
           -. Vuz    =          0.75 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =          2.70 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.99 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        0.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1350.77 kN. 
           -. phiVcz    = phi * Vcz =     1215.69 kN. 
 
           -. Vuy       =        2.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1350.77 kN. 
           -. phiVcy    = phi * Vcy =     1215.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.74 kN. 
           -. phiVsz   = phi*Vsz =     1961.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2179.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5797.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2179.74 kN. 
           -. phiVsy   = phi*Vsy =     1961.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.806 kN. 
           -. Vr       =    3177.452 kN. 
           -. Ratio    = Vu / Vr =8.830e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        3.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        3.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0090 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0090 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0090 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116202,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2013.33       862.42       547.45      1851.48      1155.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2013.33       862.42       547.45      1851.48      1155.59 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3814.960 kN. 
           -. Mry        =      1646.541 kN-m. 
           -. Mrz        =      3532.476 kN-m. 
           -. Mr         =      3897.369 kN-m. 
           -. Pu/Pr      =   0.528  --->  O.K ! 
           -. Muy/Mry    =   0.524  --->  O.K ! 
           -. Muz/Mrz    =   0.524  --->  O.K ! 
           -. Mu/Mr      =   0.528  --->  O.K ! 
           -. Ratio      =   0.528  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5007.10 kN. 
           -. Vuz    =        692.70 kN. 
           -. Muy    =       -996.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  35.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.04 
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           -. Vuy    =       1447.17 kN. 
           -. Muz    =      -2085.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   1.95 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      692.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      923.48 kN. 
           -. phiVcz    = phi * Vcz =      831.13 kN. 
 
           -. Vuy       =     1447.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      881.31 kN. 
           -. phiVcy    = phi * Vcy =      793.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1911.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6225.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1911.24 kN. 
           -. phiVsz   = phi*Vsz =     1720.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1874.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6267.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1874.63 kN. 
           -. phiVsy   = phi*Vsy =     1687.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1604.415 kN. 
           -. Vr       =    2480.345 kN. 
           -. Ratio    = Vu / Vr = 0.647  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1782.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1782.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116203,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -2001.56       547.45       432.08      1155.59       520.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -2001.56       547.45       432.08      1155.59       520.89 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5312.892 kN. 
           -. Mry        =      1458.508 kN-m. 
           -. Mrz        =      3076.968 kN-m. 
           -. Mr         =      3405.140 kN-m. 
           -. Pu/Pr      =   0.377  --->  O.K ! 
           -. Muy/Mry    =   0.375  --->  O.K ! 
           -. Muz/Mrz    =   0.376  --->  O.K ! 
           -. Mu/Mr      =   0.377  --->  O.K ! 
           -. Ratio      =   0.377  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5023.97 kN. 
           -. Vuz    =        634.58 kN. 
           -. Muy    =       -661.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.24 
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           -. Vuy    =       1325.60 kN. 
           -. Muz    =      -1362.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      634.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1013.38 kN. 
           -. phiVcz    = phi * Vcz =      912.04 kN. 
 
           -. Vuy       =     1325.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      970.30 kN. 
           -. phiVcy    = phi * Vcy =      873.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1981.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6135.11 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1981.71 kN. 
           -. phiVsz   = phi*Vsz =     1783.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1949.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6178.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1949.15 kN. 
           -. phiVsy   = phi*Vsy =     1754.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1469.664 kN. 
           -. Vr       =    2627.507 kN. 
           -. Ratio    = Vu / Vr = 0.559  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1632.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1632.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116204,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1989.77       432.08       390.79       520.89        -0.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1989.77       432.08       390.79       520.89        -0.67 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7571.810 kN. 
           -. Mry        =      1657.663 kN-m. 
           -. Mrz        =      1998.214 kN-m. 
           -. Mr         =      2596.287 kN-m. 
           -. Pu/Pr      =   0.263  --->  O.K ! 
           -. Muy/Mry    =   0.261  --->  O.K ! 
           -. Muz/Mrz    =   0.261  --->  O.K ! 
           -. Mu/Mr      =   0.263  --->  O.K ! 
           -. Ratio      =   0.263  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5057.48 kN. 
           -. Vuz    =        575.81 kN. 
           -. Muy    =       -469.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.36 
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           -. Vuy    =       1203.07 kN. 
           -. Muz    =       -154.28 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.27 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      575.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1066.75 kN. 
           -. phiVcz    = phi * Vcz =      960.08 kN. 
 
           -. Vuy       =     1203.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1023.42 kN. 
           -. phiVcy    = phi * Vcy =      921.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2019.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6081.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2019.30 kN. 
           -. phiVsz   = phi*Vsz =     1817.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1989.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6125.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1989.01 kN. 
           -. phiVsy   = phi*Vsy =     1790.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1333.765 kN. 
           -. Vr       =    2711.186 kN. 
           -. Ratio    = Vu / Vr = 0.492  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1481.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1481.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116205,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1965.99       390.79       419.02        -0.67       513.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1965.99       390.79       419.02        -0.67       513.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7624.986 kN. 
           -. Mry        =      1628.598 kN-m. 
           -. Mrz        =      1996.049 kN-m. 
           -. Mr         =      2576.149 kN-m. 
           -. Pu/Pr      =   0.258  --->  O.K ! 
           -. Muy/Mry    =   0.257  --->  O.K ! 
           -. Muz/Mrz    =   0.257  --->  O.K ! 
           -. Mu/Mr      =   0.258  --->  O.K ! 
           -. Ratio      =   0.258  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5074.34 kN. 
           -. Vuz    =        517.11 kN. 
           -. Muy    =       -481.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
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           -. Vuy    =       1080.69 kN. 
           -. Muz    =       -643.45 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      517.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1094.91 kN. 
           -. phiVcz    = phi * Vcz =      985.42 kN. 
 
           -. Vuy       =     1080.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1051.53 kN. 
           -. phiVcy    = phi * Vcy =      946.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2038.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6053.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2038.02 kN. 
           -. phiVsz   = phi*Vsz =     1834.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2008.87 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6096.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2008.87 kN. 
           -. phiVsy   = phi*Vsy =     1807.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1198.037 kN. 
           -. Vr       =    2754.363 kN. 
           -. Ratio    = Vu / Vr = 0.435  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1331.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1331.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1954.19       419.02       556.26       513.21       982.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1954.19       419.02       556.26       513.21       982.99 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5708.823 kN. 
           -. Mry        =      1615.788 kN-m. 
           -. Mrz        =      2845.797 kN-m. 
           -. Mr         =      3272.511 kN-m. 
           -. Pu/Pr      =   0.342  --->  O.K ! 
           -. Muy/Mry    =   0.344  --->  O.K ! 
           -. Muz/Mrz    =   0.345  --->  O.K ! 
           -. Mu/Mr      =   0.345  --->  O.K ! 
           -. Ratio      =   0.345  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5091.19 kN. 
           -. Vuz    =        459.19 kN. 
           -. Muy    =       -602.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
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           -. Vuy    =        959.91 kN. 
           -. Muz    =      -1089.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      459.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1082.14 kN. 
           -. phiVcz    = phi * Vcz =      973.92 kN. 
 
           -. Vuy       =      959.91 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1038.77 kN. 
           -. phiVcy    = phi * Vcy =      934.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2029.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6066.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2029.62 kN. 
           -. phiVsz   = phi*Vsz =     1826.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1999.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6109.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1999.96 kN. 
           -. phiVsy   = phi*Vsy =     1799.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1064.092 kN. 
           -. Vr       =    2734.854 kN. 
           -. Ratio    = Vu / Vr = 0.389  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1182.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1182.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116207,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1942.38       556.26       716.92       982.99      1396.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1942.38       556.26       716.92       982.99      1396.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4544.748 kN. 
           -. Mry        =      1671.818 kN-m. 
           -. Mrz        =      3255.813 kN-m. 
           -. Mr         =      3659.958 kN-m. 
           -. Pu/Pr      =   0.427  --->  O.K ! 
           -. Muy/Mry    =   0.429  --->  O.K ! 
           -. Muz/Mrz    =   0.429  --->  O.K ! 
           -. Mu/Mr      =   0.429  --->  O.K ! 
           -. Ratio      =   0.429  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5108.03 kN. 
           -. Vuz    =        402.79 kN. 
           -. Muy    =       -748.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.31 
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           -. Vuy    =        842.26 kN. 
           -. Muz    =      -1480.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.22 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      402.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1045.16 kN. 
           -. phiVcz    = phi * Vcz =      940.64 kN. 
 
           -. Vuy       =      842.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1001.91 kN. 
           -. phiVcy    = phi * Vcy =      901.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2004.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6103.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2004.44 kN. 
           -. phiVsz   = phi*Vsz =     1804.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1973.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6146.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1973.24 kN. 
           -. phiVsy   = phi*Vsy =     1775.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     933.615 kN. 
           -. Vr       =    2677.632 kN. 
           -. Ratio    = Vu / Vr = 0.349  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1037.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1037.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116208,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1930.57       716.92       865.36      1396.09      1753.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1930.57       716.92       865.36      1396.09      1753.02 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3816.383 kN. 
           -. Mry        =      1720.735 kN-m. 
           -. Mrz        =      3496.691 kN-m. 
           -. Mr         =      3897.150 kN-m. 
           -. Pu/Pr      =   0.506  --->  O.K ! 
           -. Muy/Mry    =   0.503  --->  O.K ! 
           -. Muz/Mrz    =   0.501  --->  O.K ! 
           -. Mu/Mr      =   0.506  --->  O.K ! 
           -. Ratio      =   0.506  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5124.87 kN. 
           -. Vuz    =        348.66 kN. 
           -. Muy    =       -883.88 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        729.25 kN. 
           -. Muz    =      -1815.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      348.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1015.91 kN. 
           -. phiVcz    = phi * Vcz =      914.32 kN. 
 
           -. Vuy       =      729.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      972.82 kN. 
           -. phiVcy    = phi * Vcy =      875.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1983.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6132.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1983.56 kN. 
           -. phiVsz   = phi*Vsz =     1785.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1951.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6175.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1951.11 kN. 
           -. phiVsy   = phi*Vsy =     1756.00 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     808.309 kN. 
           -. Vr       =    2631.531 kN. 
           -. Ratio    = Vu / Vr = 0.307  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      898.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      898.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116209,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1918.75       865.36       996.85      1753.02      2048.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1918.75       865.36       996.85      1753.02      2048.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3417.453 kN. 
           -. Mry        =      1751.445 kN-m. 
           -. Mrz        =      3621.876 kN-m. 
           -. Mr         =      4023.127 kN-m. 
           -. Pu/Pr      =   0.561  --->  O.K ! 
           -. Muy/Mry    =   0.569  --->  O.K ! 
           -. Muz/Mrz    =   0.566  --->  O.K ! 
           -. Mu/Mr      =   0.569  --->  O.K ! 
           -. Ratio      =   0.569  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5141.70 kN. 
           -. Vuz    =        289.24 kN. 
           -. Muy    =      -1003.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        605.18 kN. 
           -. Muz    =      -2091.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.11 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      289.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      995.70 kN. 
           -. phiVcz    = phi * Vcz =      896.13 kN. 
 
           -. Vuy       =      605.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      952.76 kN. 
           -. phiVcy    = phi * Vcy =      857.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1968.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6152.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1968.60 kN. 
           -. phiVsz   = phi*Vsz =     1771.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1935.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6195.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1935.27 kN. 
           -. phiVsy   = phi*Vsy =     1741.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     670.745 kN. 
           -. Vr       =    2599.227 kN. 
           -. Ratio    = Vu / Vr = 0.258  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      745.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      745.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116210,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1906.93       996.85      1090.21      2048.21      2249.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1906.93       996.85      1090.21      2048.21      2249.20 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3113.364 kN. 
           -. Mry        =      1797.616 kN-m. 
           -. Mrz        =      3695.854 kN-m. 
           -. Mr         =      4109.837 kN-m. 
           -. Pu/Pr      =   0.612  --->  O.K ! 
           -. Muy/Mry    =   0.606  --->  O.K ! 
           -. Muz/Mrz    =   0.609  --->  O.K ! 
           -. Mu/Mr      =   0.612  --->  O.K ! 
           -. Ratio      =   0.612  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5158.52 kN. 
           -. Vuz    =        198.64 kN. 
           -. Muy    =      -1086.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        415.75 kN. 
           -. Muz    =      -2274.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      198.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      992.83 kN. 
           -. phiVcz    = phi * Vcz =      893.55 kN. 
 
           -. Vuy       =      415.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      949.91 kN. 
           -. phiVcy    = phi * Vcy =      854.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1966.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6155.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1966.44 kN. 
           -. phiVsz   = phi*Vsz =     1769.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1932.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6198.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1932.98 kN. 
           -. phiVsy   = phi*Vsy =     1739.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     460.769 kN. 
           -. Vr       =    2594.601 kN. 
           -. Ratio    = Vu / Vr = 0.178  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      511.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      511.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1250 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116211,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1895.09      1090.21      1143.20      2249.20      2363.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1895.09      1090.21      1143.20      2249.20      2363.81 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2998.353 kN. 
           -. Mry        =      1807.467 kN-m. 
           -. Mrz        =      3726.514 kN-m. 
           -. Mr         =      4141.719 kN-m. 
           -. Pu/Pr      =   0.632  --->  O.K ! 
           -. Muy/Mry    =   0.632  --->  O.K ! 
           -. Muz/Mrz    =   0.634  --->  O.K ! 
           -. Mu/Mr      =   0.634  --->  O.K ! 
           -. Ratio      =   0.634  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5175.34 kN. 
           -. Vuz    =        115.97 kN. 
           -. Muy    =      -1130.88 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.21 
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           -. Vuy    =        241.30 kN. 
           -. Muz    =      -2374.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.11 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      115.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      998.11 kN. 
           -. phiVcz    = phi * Vcz =      898.30 kN. 
 
           -. Vuy       =      241.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      955.15 kN. 
           -. phiVcy    = phi * Vcy =      859.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1970.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6150.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1970.40 kN. 
           -. phiVsz   = phi*Vsz =     1773.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1937.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6193.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1937.18 kN. 
           -. phiVsy   = phi*Vsy =     1743.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     267.727 kN. 
           -. Vr       =    2603.091 kN. 
           -. Ratio    = Vu / Vr = 0.103  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      297.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      297.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116212,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1883.26      1143.20      1160.08      2363.81      2401.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1883.26      1143.20      1160.08      2363.81      2401.08 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2960.229 kN. 
           -. Mry        =      1810.352 kN-m. 
           -. Mrz        =      3736.846 kN-m. 
           -. Mr         =      4152.276 kN-m. 
           -. Pu/Pr      =   0.636  --->  O.K ! 
           -. Muy/Mry    =   0.641  --->  O.K ! 
           -. Muz/Mrz    =   0.643  --->  O.K ! 
           -. Mu/Mr      =   0.643  --->  O.K ! 
           -. Ratio      =   0.643  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5192.15 kN. 
           -. Vuz    =         71.59 kN. 
           -. Muy    =      -1141.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.36 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =         85.75 kN. 
           -. Muz    =      -2399.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.14 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       71.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1008.84 kN. 
           -. phiVcz    = phi * Vcz =      907.96 kN. 
 
           -. Vuy       =       85.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      965.80 kN. 
           -. phiVcy    = phi * Vcy =      869.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1978.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6139.64 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1978.38 kN. 
           -. phiVsz   = phi*Vsz =     1780.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1945.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6182.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1945.62 kN. 
           -. phiVsy   = phi*Vsy =     1751.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     111.705 kN. 
           -. Vr       =    2620.282 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      124.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      124.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0001 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116213,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1883.40      1160.08      1145.73      2401.08      2372.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1883.40      1160.08      1145.73      2401.08      2372.66 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2960.229 kN. 
           -. Mry        =      1810.352 kN-m. 
           -. Mrz        =      3736.846 kN-m. 
           -. Mr         =      4152.276 kN-m. 
           -. Pu/Pr      =   0.636  --->  O.K ! 
           -. Muy/Mry    =   0.641  --->  O.K ! 
           -. Muz/Mrz    =   0.643  --->  O.K ! 
           -. Mu/Mr      =   0.643  --->  O.K ! 
           -. Ratio      =   0.643  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3554.43 kN. 
           -. Vuz    =        144.45 kN. 
           -. Muy    =      -2002.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =         45.49 kN. 
           -. Muz    =      -1112.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      144.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1135.08 kN. 
           -. phiVcz    = phi * Vcz =     1021.57 kN. 
 
           -. Vuy       =       45.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1091.72 kN. 
           -. phiVcy    = phi * Vcy =      982.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2063.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6013.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2063.49 kN. 
           -. phiVsz   = phi*Vsz =     1857.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2035.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6056.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2035.94 kN. 
           -. phiVsy   = phi*Vsy =     1832.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     151.445 kN. 
           -. Vr       =    2814.892 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      168.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      168.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116214,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1871.55      1145.73      1104.73      2372.66      2288.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1871.55      1145.73      1104.73      2372.66      2288.78 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2960.209 kN. 
           -. Mry        =      1809.477 kN-m. 
           -. Mrz        =      3737.270 kN-m. 
           -. Mr         =      4152.276 kN-m. 
           -. Pu/Pr      =   0.632  --->  O.K ! 
           -. Muy/Mry    =   0.633  --->  O.K ! 
           -. Muz/Mrz    =   0.635  --->  O.K ! 
           -. Mu/Mr      =   0.635  --->  O.K ! 
           -. Ratio      =   0.635  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3571.15 kN. 
           -. Vuz    =        209.67 kN. 
           -. Muy    =      -1939.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =         91.97 kN. 
           -. Muz    =      -1092.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      209.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1133.90 kN. 
           -. phiVcz    = phi * Vcz =     1020.51 kN. 
 
           -. Vuy       =       91.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1090.54 kN. 
           -. phiVcy    = phi * Vcy =      981.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2062.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6014.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2062.76 kN. 
           -. phiVsz   = phi*Vsz =     1856.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2035.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6057.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2035.16 kN. 
           -. phiVsy   = phi*Vsy =     1831.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     228.954 kN. 
           -. Vr       =    2813.130 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      254.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      254.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116215,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1859.69      1104.73      1042.62      2288.78      2160.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1859.69      1104.73      1042.62      2288.78      2160.94 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3036.474 kN. 
           -. Mry        =      1799.791 kN-m. 
           -. Mrz        =      3718.462 kN-m. 
           -. Mr         =      4131.126 kN-m. 
           -. Pu/Pr      =   0.612  --->  O.K ! 
           -. Muy/Mry    =   0.614  --->  O.K ! 
           -. Muz/Mrz    =   0.616  --->  O.K ! 
           -. Mu/Mr      =   0.616  --->  O.K ! 
           -. Ratio      =   0.616  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5225.88 kN. 
           -. Vuz    =        132.12 kN. 
           -. Muy    =      -1077.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        268.97 kN. 
           -. Muz    =      -2269.93 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      132.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1005.34 kN. 
           -. phiVcz    = phi * Vcz =      904.80 kN. 
 
           -. Vuy       =      268.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      962.32 kN. 
           -. phiVcy    = phi * Vcy =      866.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1975.79 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6143.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1975.79 kN. 
           -. phiVsz   = phi*Vsz =     1778.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1942.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6186.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1942.88 kN. 
           -. phiVsy   = phi*Vsy =     1748.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     299.670 kN. 
           -. Vr       =    2614.682 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      332.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      332.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
3.1968e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
2.2178e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-2.2178e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116216,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1847.83      1042.62       964.94      2160.94      2000.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1847.83      1042.62       964.94      2160.94      2000.52 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3159.728 kN. 
           -. Mry        =      1778.530 kN-m. 
           -. Mrz        =      3693.434 kN-m. 
           -. Mr         =      4099.344 kN-m. 
           -. Pu/Pr      =   0.585  --->  O.K ! 
           -. Muy/Mry    =   0.586  --->  O.K ! 
           -. Muz/Mrz    =   0.585  --->  O.K ! 
           -. Mu/Mr      =   0.586  --->  O.K ! 
           -. Ratio      =   0.586  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5242.66 kN. 
           -. Vuz    =        158.13 kN. 
           -. Muy    =      -1014.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        329.65 kN. 
           -. Muz    =      -2136.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      158.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1014.39 kN. 
           -. phiVcz    = phi * Vcz =      912.95 kN. 
 
           -. Vuy       =      329.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      971.31 kN. 
           -. phiVcy    = phi * Vcy =      874.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6134.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.45 kN. 
           -. phiVsz   = phi*Vsz =     1784.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1949.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6177.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1949.93 kN. 
           -. phiVsy   = phi*Vsy =     1754.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     365.616 kN. 
           -. Vr       =    2629.116 kN. 
           -. Ratio    = Vu / Vr = 0.139  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      406.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      406.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116217,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1835.95       964.94       877.00      2000.52      1818.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1835.95       964.94       877.00      2000.52      1818.56 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3343.505 kN. 
           -. Mry        =      1751.091 kN-m. 
           -. Mrz        =      3647.440 kN-m. 
           -. Mr         =      4046.003 kN-m. 
           -. Pu/Pr      =   0.549  --->  O.K ! 
           -. Muy/Mry    =   0.551  --->  O.K ! 
           -. Muz/Mrz    =   0.548  --->  O.K ! 
           -. Mu/Mr      =   0.551  --->  O.K ! 
           -. Ratio      =   0.551  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5259.44 kN. 
           -. Vuz    =        175.93 kN. 
           -. Muy    =       -935.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        368.76 kN. 
           -. Muz    =      -1972.55 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      175.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1029.61 kN. 
           -. phiVcz    = phi * Vcz =      926.65 kN. 
 
           -. Vuy       =      368.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      986.44 kN. 
           -. phiVcy    = phi * Vcy =      887.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1993.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6118.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1993.45 kN. 
           -. phiVsz   = phi*Vsz =     1794.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1961.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6162.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1961.59 kN. 
           -. phiVsy   = phi*Vsy =     1765.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     408.578 kN. 
           -. Vr       =    2653.224 kN. 
           -. Ratio    = Vu / Vr = 0.154  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      453.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      453.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116218,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1824.08       877.00       783.70      1818.56      1625.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1824.08       877.00       783.70      1818.56      1625.32 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3583.270 kN. 
           -. Mry        =      1722.676 kN-m. 
           -. Mrz        =      3579.490 kN-m. 
           -. Mr         =      3972.451 kN-m. 
           -. Pu/Pr      =   0.509  --->  O.K ! 
           -. Muy/Mry    =   0.509  --->  O.K ! 
           -. Muz/Mrz    =   0.508  --->  O.K ! 
           -. Mu/Mr      =   0.509  --->  O.K ! 
           -. Ratio      =   0.509  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5276.21 kN. 
           -. Vuz    =        184.58 kN. 
           -. Muy    =       -848.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.32 
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           -. Vuy    =        387.95 kN. 
           -. Muz    =      -1788.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      184.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.06 kN. 
           -. phiVcz    = phi * Vcz =      945.05 kN. 
 
           -. Vuy       =      387.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1006.78 kN. 
           -. phiVcy    = phi * Vcy =      906.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2007.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6098.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2007.85 kN. 
           -. phiVsz   = phi*Vsz =     1807.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1976.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6141.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1976.86 kN. 
           -. phiVsy   = phi*Vsy =     1779.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     429.623 kN. 
           -. Vr       =    2685.277 kN. 
           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      477.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      477.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116219,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1812.19       783.70       689.50      1625.32      1430.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1812.19       783.70       689.50      1625.32      1430.39 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3893.576 kN. 
           -. Mry        =      1679.694 kN-m. 
           -. Mrz        =      3488.569 kN-m. 
           -. Mr         =      3871.884 kN-m. 
           -. Pu/Pr      =   0.465  --->  O.K ! 
           -. Muy/Mry    =   0.467  --->  O.K ! 
           -. Muz/Mrz    =   0.466  --->  O.K ! 
           -. Mu/Mr      =   0.467  --->  O.K ! 
           -. Ratio      =   0.467  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5292.97 kN. 
           -. Vuz    =        184.97 kN. 
           -. Muy    =       -756.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.38 
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           -. Vuy    =        389.25 kN. 
           -. Muz    =      -1594.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      184.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1074.74 kN. 
           -. phiVcz    = phi * Vcz =      967.26 kN. 
 
           -. Vuy       =      389.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1031.38 kN. 
           -. phiVcy    = phi * Vcy =      928.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2024.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6073.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2024.69 kN. 
           -. phiVsz   = phi*Vsz =     1822.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1994.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6117.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1994.72 kN. 
           -. phiVsy   = phi*Vsy =     1795.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     430.963 kN. 
           -. Vr       =    2723.492 kN. 
           -. Ratio    = Vu / Vr = 0.158  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      478.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      478.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116220,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1800.30       689.50       598.19      1430.39      1241.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1800.30       689.50       598.19      1430.39      1241.43 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4252.468 kN. 
           -. Mry        =      1629.511 kN-m. 
           -. Mrz        =      3382.798 kN-m. 
           -. Mr         =      3754.814 kN-m. 
           -. Pu/Pr      =   0.423  --->  O.K ! 
           -. Muy/Mry    =   0.423  --->  O.K ! 
           -. Muz/Mrz    =   0.423  --->  O.K ! 
           -. Mu/Mr      =   0.423  --->  O.K ! 
           -. Ratio      =   0.423  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5309.72 kN. 
           -. Vuz    =        178.32 kN. 
           -. Muy    =       -663.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        375.58 kN. 
           -. Muz    =      -1400.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      178.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1102.52 kN. 
           -. phiVcz    = phi * Vcz =      992.27 kN. 
 
           -. Vuy       =      375.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1059.13 kN. 
           -. phiVcy    = phi * Vcy =      953.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6045.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.95 kN. 
           -. phiVsz   = phi*Vsz =     1838.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2014.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6089.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2014.11 kN. 
           -. phiVsy   = phi*Vsy =     1812.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     415.763 kN. 
           -. Vr       =    2765.919 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      461.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      461.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116221,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1788.40       598.19       511.38      1241.43      1061.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1788.40       598.19       511.38      1241.43      1061.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4706.741 kN. 
           -. Mry        =      1565.636 kN-m. 
           -. Mrz        =      3247.989 kN-m. 
           -. Mr         =      3605.641 kN-m. 
           -. Pu/Pr      =   0.380  --->  O.K ! 
           -. Muy/Mry    =   0.382  --->  O.K ! 
           -. Muz/Mrz    =   0.382  --->  O.K ! 
           -. Mu/Mr      =   0.382  --->  O.K ! 
           -. Ratio      =   0.382  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5326.47 kN. 
           -. Vuz    =        168.91 kN. 
           -. Muy    =       -574.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
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           -. Vuy    =        355.98 kN. 
           -. Muz    =      -1213.19 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      168.91 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1131.51 kN. 
           -. phiVcz    = phi * Vcz =     1018.36 kN. 
 
           -. Vuy       =      355.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1088.15 kN. 
           -. phiVcy    = phi * Vcy =      979.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2061.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6016.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2061.28 kN. 
           -. phiVsz   = phi*Vsz =     1855.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2033.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6060.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2033.59 kN. 
           -. phiVsy   = phi*Vsy =     1830.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     394.018 kN. 
           -. Vr       =    2809.565 kN. 
           -. Ratio    = Vu / Vr = 0.140  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      437.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      437.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116222,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1776.49       511.38       430.78      1061.63       894.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1776.49       511.38       430.78      1061.63       894.55 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5224.522 kN. 
           -. Mry        =      1492.565 kN-m. 
           -. Mrz        =      3093.252 kN-m. 
           -. Mr         =      3434.525 kN-m. 
           -. Pu/Pr      =   0.340  --->  O.K ! 
           -. Muy/Mry    =   0.343  --->  O.K ! 
           -. Muz/Mrz    =   0.343  --->  O.K ! 
           -. Mu/Mr      =   0.343  --->  O.K ! 
           -. Ratio      =   0.343  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5343.22 kN. 
           -. Vuz    =        156.32 kN. 
           -. Muy    =       -490.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
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           -. Vuy    =        329.60 kN. 
           -. Muz    =      -1035.45 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      156.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1161.46 kN. 
           -. phiVcz    = phi * Vcz =     1045.31 kN. 
 
           -. Vuy       =      329.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1118.18 kN. 
           -. phiVcy    = phi * Vcy =     1006.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2079.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5987.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2079.48 kN. 
           -. phiVsz   = phi*Vsz =     1871.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2052.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6030.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2052.94 kN. 
           -. phiVsy   = phi*Vsy =     1847.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     364.787 kN. 
           -. Vr       =    2854.013 kN. 
           -. Ratio    = Vu / Vr = 0.128  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1297 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      405.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      405.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116223,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1764.58       430.78       357.56       894.55       742.71 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1764.58       430.78       357.56       894.55       742.71 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5768.850 kN. 
           -. Mry        =      1415.452 kN-m. 
           -. Mrz        =      2929.679 kN-m. 
           -. Mr         =      3253.694 kN-m. 
           -. Pu/Pr      =   0.306  --->  O.K ! 
           -. Muy/Mry    =   0.304  --->  O.K ! 
           -. Muz/Mrz    =   0.305  --->  O.K ! 
           -. Mu/Mr      =   0.306  --->  O.K ! 
           -. Ratio      =   0.306  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5359.95 kN. 
           -. Vuz    =        141.53 kN. 
           -. Muy    =       -412.10 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
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           -. Vuy    =        298.52 kN. 
           -. Muz    =       -870.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.52 kN. 
           -. phiVcz    = phi * Vcz =     1072.37 kN. 
 
           -. Vuy       =      298.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1148.40 kN. 
           -. phiVcy    = phi * Vcy =     1033.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2097.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5956.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2097.03 kN. 
           -. phiVsz   = phi*Vsz =     1887.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6000.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.63 kN. 
           -. phiVsy   = phi*Vsy =     1864.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     330.371 kN. 
           -. Vr       =    2898.028 kN. 
           -. Ratio    = Vu / Vr = 0.114  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      367.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      367.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116224,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1752.66       357.56       292.48       742.71       607.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1752.66       357.56       292.48       742.71       607.66 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -6454.457 kN. 
           -. Mry        =      1304.875 kN-m. 
           -. Mrz        =      2717.061 kN-m. 
           -. Mr         =      3014.153 kN-m. 
           -. Pu/Pr      =   0.272  --->  O.K ! 
           -. Muy/Mry    =   0.274  --->  O.K ! 
           -. Muz/Mrz    =   0.273  --->  O.K ! 
           -. Mu/Mr      =   0.274  --->  O.K ! 
           -. Ratio      =   0.274  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5376.68 kN. 
           -. Vuz    =        125.40 kN. 
           -. Muy    =       -341.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
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           -. Vuy    =        264.61 kN. 
           -. Muz    =       -721.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      125.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1220.89 kN. 
           -. phiVcz    = phi * Vcz =     1098.80 kN. 
 
           -. Vuy       =      264.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1177.99 kN. 
           -. phiVcy    = phi * Vcy =     1060.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5927.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.54 kN. 
           -. phiVsz   = phi*Vsz =     1902.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2089.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5970.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2089.22 kN. 
           -. phiVsy   = phi*Vsy =     1880.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     292.823 kN. 
           -. Vr       =    2940.491 kN. 
           -. Ratio    = Vu / Vr = 0.100  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      325.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      325.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116225,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1740.74       292.48       233.45       607.66       485.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1740.74       292.48       233.45       607.66       485.14 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -7122.057 kN. 
           -. Mry        =      1197.673 kN-m. 
           -. Mrz        =      2489.687 kN-m. 
           -. Mr         =      2762.782 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.244  --->  O.K ! 
           -. Muz/Mrz    =   0.244  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5393.40 kN. 
           -. Vuz    =        113.46 kN. 
           -. Muy    =       -278.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
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           -. Vuy    =        239.53 kN. 
           -. Muz    =       -589.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      113.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1247.25 kN. 
           -. phiVcz    = phi * Vcz =     1122.53 kN. 
 
           -. Vuy       =      239.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1204.60 kN. 
           -. phiVcy    = phi * Vcy =     1084.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2127.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5901.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2127.85 kN. 
           -. phiVsz   = phi*Vsz =     1915.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2104.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5943.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2104.47 kN. 
           -. phiVsy   = phi*Vsy =     1894.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     265.043 kN. 
           -. Vr       =    2978.164 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      294.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      294.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0061 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0061 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0061 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1310 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116226,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5410.12      -221.96      -170.63      -469.54      -361.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5410.12      -221.96      -170.63      -469.54      -361.10 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      170.63 kN-m. 
           -. End Moments (My2) =      221.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -221.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -221.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      361.10 kN-m. 
           -. End Moments (Mz2) =      469.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -469.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -469.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     23993.043 kN. 
           -. Mry        =       986.486 kN-m. 
           -. Mrz        =      2086.606 kN-m. 
           -. Mr         =      2308.047 kN-m. 
           -. Pu/Pr      =   0.225  --->  O.K ! 
           -. Muy/Mry    =   0.225  --->  O.K ! 
           -. Muz/Mrz    =   0.225  --->  O.K ! 
           -. Mu/Mr      =   0.225  --->  O.K ! 
           -. Ratio      =   0.225  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5410.12 kN. 
           -. Vuz    =        102.69 kN. 
           -. Muy    =       -221.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.82 
 
           -. Vuy    =        216.88 kN. 
           -. Muz    =       -469.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.56 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      102.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1271.99 kN. 
           -. phiVcz    = phi * Vcz =     1144.79 kN. 
 
           -. Vuy       =      216.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1229.62 kN. 
           -. phiVcy    = phi * Vcy =     1106.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2140.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5876.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2140.84 kN. 
           -. phiVsz   = phi*Vsz =     1926.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2118.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5918.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2118.33 kN. 
           -. phiVsy   = phi*Vsy =     1906.50 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     239.964 kN. 
           -. Vr       =    3013.160 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      266.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      266.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0066 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0066 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0066 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116227,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5443.48      -170.63      -124.40      -361.10      -263.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5443.48      -170.63      -124.40      -361.10      -263.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      124.40 kN-m. 
           -. End Moments (My2) =      170.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -124.40 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -124.40 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      263.39 kN-m. 
           -. End Moments (Mz2) =      361.10 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -263.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -263.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       557.767 kN-m. 
           -. Mrz        =      1180.821 kN-m. 
           -. Mr         =      1305.925 kN-m. 
           -. Pu/Pr      =   0.223  --->  O.K ! 
           -. Muy/Mry    =   0.223  --->  O.K ! 
           -. Muz/Mrz    =   0.223  --->  O.K ! 
           -. Mu/Mr      =   0.223  --->  O.K ! 
           -. Ratio      =   0.223  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5426.83 kN. 
           -. Vuz    =         92.49 kN. 
           -. Muy    =       -170.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =        195.42 kN. 
           -. Muz    =       -361.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       92.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1295.28 kN. 
           -. phiVcz    = phi * Vcz =     1165.76 kN. 
 
           -. Vuy       =      195.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1253.23 kN. 
           -. phiVcy    = phi * Vcy =     1127.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2152.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5853.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2152.73 kN. 
           -. phiVsz   = phi*Vsz =     1937.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2131.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5895.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2131.02 kN. 
           -. phiVsy   = phi*Vsy =     1917.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     216.199 kN. 
           -. Vr       =    3045.825 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      240.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      240.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0070 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0070 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0070 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116228,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5460.19      -124.40       -82.85      -263.39      -175.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5460.19      -124.40       -82.85      -263.39      -175.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       82.85 kN-m. 
           -. End Moments (My2) =      124.40 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -82.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -82.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      175.59 kN-m. 
           -. End Moments (Mz2) =      263.39 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -175.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -175.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       370.312 kN-m. 
           -. Mrz        =       784.792 kN-m. 
           -. Mr         =       867.773 kN-m. 
           -. Pu/Pr      =   0.224  --->  O.K ! 
           -. Muy/Mry    =   0.224  --->  O.K ! 
           -. Muz/Mrz    =   0.224  --->  O.K ! 
           -. Mu/Mr      =   0.224  --->  O.K ! 
           -. Ratio      =   0.224  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5443.53 kN. 
           -. Vuz    =         83.14 kN. 
           -. Muy    =       -124.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
 
           -. Vuy    =        175.71 kN. 
           -. Muz    =       -263.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       83.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1316.95 kN. 
           -. phiVcz    = phi * Vcz =     1185.26 kN. 
 
           -. Vuy       =      175.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1275.22 kN. 
           -. phiVcy    = phi * Vcy =     1147.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2163.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5831.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2163.49 kN. 
           -. phiVsz   = phi*Vsz =     1947.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2142.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5873.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2142.51 kN. 
           -. phiVsy   = phi*Vsy =     1928.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     194.385 kN. 
           -. Vr       =    3075.958 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      215.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      215.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0075 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0074 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0074 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5476.88       -82.85       -49.42      -175.59      -104.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5476.88       -82.85       -49.42      -175.59      -104.91 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       49.42 kN-m. 
           -. End Moments (My2) =       82.85 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -49.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -49.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      104.91 kN-m. 
           -. End Moments (Mz2) =      175.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -104.91 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -104.91 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       220.204 kN-m. 
           -. Mrz        =       467.465 kN-m. 
           -. Mr         =       516.733 kN-m. 
           -. Pu/Pr      =   0.224  --->  O.K ! 
           -. Muy/Mry    =   0.224  --->  O.K ! 
           -. Muz/Mrz    =   0.224  --->  O.K ! 
           -. Mu/Mr      =   0.224  --->  O.K ! 
           -. Ratio      =   0.224  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5460.23 kN. 
           -. Vuz    =         66.90 kN. 
           -. Muy    =        -82.85 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
 
           -. Vuy    =        141.48 kN. 
           -. Muz    =       -175.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1339.91 kN. 
           -. phiVcz    = phi * Vcz =     1205.92 kN. 
 
           -. Vuy       =      141.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1298.56 kN. 
           -. phiVcy    = phi * Vcy =     1168.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2174.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5808.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2174.59 kN. 
           -. phiVsz   = phi*Vsz =     1957.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2154.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5849.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2154.38 kN. 
           -. phiVsy   = phi*Vsy =     1938.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     156.497 kN. 
           -. Vr       =    3107.645 kN. 
           -. Ratio    = Vu / Vr = 0.050  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      173.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      173.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0079 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0079 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0079 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5493.57       -49.42       -26.33      -104.91       -56.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5493.57       -49.42       -26.33      -104.91       -56.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       26.33 kN-m. 
           -. End Moments (My2) =       49.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -26.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -26.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       56.00 kN-m. 
           -. End Moments (Mz2) =      104.91 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -56.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -56.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       116.972 kN-m. 
           -. Mrz        =       248.776 kN-m. 
           -. Mr         =       274.904 kN-m. 
           -. Pu/Pr      =   0.225  --->  O.K ! 
           -. Muy/Mry    =   0.225  --->  O.K ! 
           -. Muz/Mrz    =   0.225  --->  O.K ! 
           -. Mu/Mr      =   0.225  --->  O.K ! 
           -. Ratio      =   0.225  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5476.92 kN. 
           -. Vuz    =         46.21 kN. 
           -. Muy    =        -49.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         97.84 kN. 
           -. Muz    =       -104.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       46.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1361.73 kN. 
           -. phiVcz    = phi * Vcz =     1225.56 kN. 
 
           -. Vuy       =       97.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1320.78 kN. 
           -. phiVcy    = phi * Vcy =     1188.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5786.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.87 kN. 
           -. phiVsz   = phi*Vsz =     1966.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2165.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5827.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2165.36 kN. 
           -. phiVsy   = phi*Vsy =     1948.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     108.198 kN. 
           -. Vr       =    3137.525 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      120.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      120.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0082 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0082 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0082 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116231,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5510.25       -26.33       -11.74       -56.00       -25.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5510.25       -26.33       -11.74       -56.00       -25.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       11.74 kN-m. 
           -. End Moments (My2) =       26.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -11.74 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -11.74 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       25.02 kN-m. 
           -. End Moments (Mz2) =       56.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -25.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -25.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        52.008 kN-m. 
           -. Mrz        =       110.807 kN-m. 
           -. Mr         =       122.405 kN-m. 
           -. Pu/Pr      =   0.226  --->  O.K ! 
           -. Muy/Mry    =   0.226  --->  O.K ! 
           -. Muz/Mrz    =   0.226  --->  O.K ! 
           -. Mu/Mr      =   0.226  --->  O.K ! 
           -. Ratio      =   0.226  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5510.25 kN. 
           -. Vuz    =         29.20 kN. 
           -. Muy    =        -11.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
 
           -. Vuy    =         61.96 kN. 
           -. Muz    =        -25.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       29.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1376.98 kN. 
           -. phiVcz    = phi * Vcz =     1239.28 kN. 
 
           -. Vuy       =       61.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1336.33 kN. 
           -. phiVcy    = phi * Vcy =     1202.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2191.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5771.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2191.90 kN. 
           -. phiVsz   = phi*Vsz =     1972.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2172.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5812.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2172.88 kN. 
           -. phiVsy   = phi*Vsy =     1955.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      68.502 kN. 
           -. Vr       =    3158.290 kN. 
           -. Ratio    = Vu / Vr = 0.022  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       76.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       76.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0086 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0086 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0086 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116232,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5526.93       -11.74        -3.76       -25.02        -8.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5526.93       -11.74        -3.76       -25.02        -8.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.76 kN-m. 
           -. End Moments (My2) =       11.74 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.76 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.76 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.02 kN-m. 
           -. End Moments (Mz2) =       25.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        16.620 kN-m. 
           -. Mrz        =        35.397 kN-m. 
           -. Mr         =        39.105 kN-m. 
           -. Pu/Pr      =   0.226  --->  O.K ! 
           -. Muy/Mry    =   0.226  --->  O.K ! 
           -. Muz/Mrz    =   0.226  --->  O.K ! 
           -. Mu/Mr      =   0.226  --->  O.K ! 
           -. Ratio      =   0.226  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5526.93 kN. 
           -. Vuz    =         15.99 kN. 
           -. Muy    =         -3.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =         34.01 kN. 
           -. Muz    =         -8.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1386.34 kN. 
           -. phiVcz    = phi * Vcz =     1247.71 kN. 
 
           -. Vuy       =       34.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1345.89 kN. 
           -. phiVcy    = phi * Vcy =     1211.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2196.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5762.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2196.15 kN. 
           -. phiVsz   = phi*Vsz =     1976.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2177.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5802.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2177.43 kN. 
           -. phiVsy   = phi*Vsy =     1959.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      37.576 kN. 
           -. Vr       =    3170.989 kN. 
           -. Ratio    = Vu / Vr = 0.012  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       41.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       41.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0088 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0088 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0088 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116233,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5543.60        -3.76        -0.53        -8.02        -1.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5543.60        -3.76        -0.53        -8.02        -1.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.53 kN-m. 
           -. End Moments (My2) =        3.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.53 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.53 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.01 kN-m. 
           -. End Moments (Mz2) =        8.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.01 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.01 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.348 kN-m. 
           -. Mrz        =         4.440 kN-m. 
           -. Mr         =         5.023 kN-m. 
           -. Pu/Pr      =   0.227  --->  O.K ! 
           -. Muy/Mry    =   0.228  --->  O.K ! 
           -. Muz/Mrz    =   0.227  --->  O.K ! 
           -. Mu/Mr      =   0.228  --->  O.K ! 
           -. Ratio      =   0.228  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5543.60 kN. 
           -. Vuz    =          6.58 kN. 
           -. Muy    =         -0.53 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
 
           -. Vuy    =         14.02 kN. 
           -. Muz    =         -1.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.99 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        6.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1392.69 kN. 
           -. phiVcz    = phi * Vcz =     1253.42 kN. 
 
           -. Vuy       =       14.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1352.37 kN. 
           -. phiVcy    = phi * Vcy =     1217.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2199.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5755.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2199.01 kN. 
           -. phiVsz   = phi*Vsz =     1979.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2180.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5796.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2180.49 kN. 
           -. phiVsy   = phi*Vsy =     1962.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.485 kN. 
           -. Vr       =    3179.571 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0089 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0089 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0089 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116234,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5560.26        -0.53         0.00        -1.01         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5560.26        -0.53         0.00        -1.01         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.53 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        1.01 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.228  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.228  --->  O.K ! 
           -. Ratio      =   0.228  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5560.26 kN. 
           -. Vuz    =          1.07 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =          2.02 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.80 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.00 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1355.66 kN. 
           -. phiVcz    = phi * Vcz =     1220.09 kN. 
 
           -. Vuy       =        2.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1355.66 kN. 
           -. phiVcy    = phi * Vcy =     1220.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2182.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5792.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2182.03 kN. 
           -. phiVsz   = phi*Vsz =     1963.83 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2182.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5792.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2182.03 kN. 
           -. phiVsy   = phi*Vsy =     1963.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.282 kN. 
           -. Vr       =    3183.922 kN. 
           -. Ratio    = Vu / Vr =7.167e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        2.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        2.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0090 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0090 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0090 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117102,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1482.97     -3148.08     -2426.77     -1574.08     -1434.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1482.97     -3148.08     -2426.77     -1574.08     -1434.75 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2426.77 kN-m. 
           -. End Moments (My2) =     3148.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -3148.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -3148.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1434.75 kN-m. 
           -. End Moments (Mz2) =     1574.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1574.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1574.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2161.295 kN. 
           -. Mry        =      4589.373 kN-m. 
           -. Mrz        =      2302.874 kN-m. 
           -. Mr         =      5134.742 kN-m. 
           -. Pu/Pr      =   0.686  --->  O.K ! 
           -. Muy/Mry    =   0.686  --->  O.K ! 
           -. Muz/Mrz    =   0.684  --->  O.K ! 
           -. Mu/Mr      =   0.686  --->  O.K ! 
           -. Ratio      =   0.686  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1482.97 kN. 
           -. Vuz    =       1447.08 kN. 
           -. Muy    =      -3148.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.12 
 
           -. Vuy    =        570.48 kN. 
           -. Muz    =      -1574.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.02 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1447.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      956.88 kN. 
           -. phiVcz    = phi * Vcz =      861.19 kN. 
 
           -. Vuy       =      570.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      914.30 kN. 
           -. phiVcy    = phi * Vcy =      822.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1938.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6191.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1938.56 kN. 
           -. phiVsz   = phi*Vsz =     1744.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1903.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6234.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1903.49 kN. 
           -. phiVsy   = phi*Vsy =     1713.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1555.472 kN. 
           -. Vr       =    2536.011 kN. 
           -. Ratio    = Vu / Vr = 0.613  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1728.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1728.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0115 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0115 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0115 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117103,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1499.64     -2426.77     -1758.13     -1434.75     -1304.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1499.64     -2426.77     -1758.13     -1434.75     -1304.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1758.13 kN-m. 
           -. End Moments (My2) =     2426.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2426.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2426.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1304.30 kN-m. 
           -. End Moments (Mz2) =     1434.75 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1434.75 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1434.75 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2774.548 kN. 
           -. Mry        =      4458.095 kN-m. 
           -. Mrz        =      2621.049 kN-m. 
           -. Mr         =      5171.509 kN-m. 
           -. Pu/Pr      =   0.540  --->  O.K ! 
           -. Muy/Mry    =   0.544  --->  O.K ! 
           -. Muz/Mrz    =   0.547  --->  O.K ! 
           -. Mu/Mr      =   0.547  --->  O.K ! 
           -. Ratio      =   0.547  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1499.64 kN. 
           -. Vuz    =       1343.01 kN. 
           -. Muy    =      -2426.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
 
           -. Vuy    =        528.48 kN. 
           -. Muz    =      -1434.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.21 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1343.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1040.33 kN. 
           -. phiVcz    = phi * Vcz =      936.30 kN. 
 
           -. Vuy       =      528.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      997.10 kN. 
           -. phiVcy    = phi * Vcy =      897.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2001.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6108.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2001.06 kN. 
           -. phiVsz   = phi*Vsz =     1800.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1969.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6151.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1969.65 kN. 
           -. phiVsy   = phi*Vsy =     1772.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1443.246 kN. 
           -. Vr       =    2670.082 kN. 
           -. Ratio    = Vu / Vr = 0.541  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1603.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1603.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0092 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0092 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0092 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117104,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1516.31     -1758.13     -1144.68     -1304.30     -1185.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1516.31     -1758.13     -1144.68     -1304.30     -1185.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1144.68 kN-m. 
           -. End Moments (My2) =     1758.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1758.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1758.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1185.59 kN-m. 
           -. End Moments (Mz2) =     1304.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1304.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1304.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3641.692 kN. 
           -. Mry        =      4183.490 kN-m. 
           -. Mrz        =      3103.913 kN-m. 
           -. Mr         =      5209.210 kN-m. 
           -. Pu/Pr      =   0.416  --->  O.K ! 
           -. Muy/Mry    =   0.420  --->  O.K ! 
           -. Muz/Mrz    =   0.420  --->  O.K ! 
           -. Mu/Mr      =   0.420  --->  O.K ! 
           -. Ratio      =   0.420  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1516.31 kN. 
           -. Vuz    =       1235.01 kN. 
           -. Muy    =      -1758.13 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
 
           -. Vuy    =        485.13 kN. 
           -. Muz    =      -1304.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1235.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1130.60 kN. 
           -. phiVcz    = phi * Vcz =     1017.54 kN. 
 
           -. Vuy       =      485.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1087.23 kN. 
           -. phiVcy    = phi * Vcy =      978.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6017.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.72 kN. 
           -. phiVsz   = phi*Vsz =     1854.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2032.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6061.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2032.99 kN. 
           -. phiVsy   = phi*Vsy =     1829.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1326.873 kN. 
           -. Vr       =    2808.201 kN. 
           -. Ratio    = Vu / Vr = 0.472  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1474.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1474.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0070 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0071 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0071 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117105,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1604.78      -777.51      -511.21     -1666.66     -1685.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1604.78      -777.51      -511.21     -1666.66     -1685.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      511.21 kN-m. 
           -. End Moments (My2) =      777.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -777.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -777.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1666.66 kN-m. 
           -. End Moments (Mz2) =     1685.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1666.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1666.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4570.333 kN. 
           -. Mry        =      2212.422 kN-m. 
           -. Mrz        =      4744.340 kN-m. 
           -. Mr         =      5234.842 kN-m. 
           -. Pu/Pr      =   0.351  --->  O.K ! 
           -. Muy/Mry    =   0.351  --->  O.K ! 
           -. Muz/Mrz    =   0.351  --->  O.K ! 
           -. Mu/Mr      =   0.351  --->  O.K ! 
           -. Ratio      =   0.351  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1532.98 kN. 
           -. Vuz    =       1124.14 kN. 
           -. Muy    =      -1144.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =        440.89 kN. 
           -. Muz    =      -1185.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1124.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1224.14 kN. 
           -. phiVcz    = phi * Vcz =     1101.72 kN. 
 
           -. Vuy       =      440.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1181.27 kN. 
           -. phiVcy    = phi * Vcy =     1063.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2115.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5924.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2115.33 kN. 
           -. phiVsz   = phi*Vsz =     1903.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2091.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5967.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2091.12 kN. 
           -. phiVsy   = phi*Vsy =     1882.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1207.504 kN. 
           -. Vr       =    2945.151 kN. 
           -. Ratio    = Vu / Vr = 0.410  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1341.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1341.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117106,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1621.45      -511.21      -318.34     -1685.88     -1691.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1621.45      -511.21      -318.34     -1685.88     -1691.16 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      318.34 kN-m. 
           -. End Moments (My2) =      511.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -511.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -511.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1685.88 kN-m. 
           -. End Moments (Mz2) =     1691.16 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1685.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1685.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4798.719 kN. 
           -. Mry        =      1515.029 kN-m. 
           -. Mrz        =      4997.031 kN-m. 
           -. Mr         =      5221.650 kN-m. 
           -. Pu/Pr      =   0.338  --->  O.K ! 
           -. Muy/Mry    =   0.337  --->  O.K ! 
           -. Muz/Mrz    =   0.337  --->  O.K ! 
           -. Mu/Mr      =   0.338  --->  O.K ! 
           -. Ratio      =   0.338  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1549.65 kN. 
           -. Vuz    =       1011.57 kN. 
           -. Muy    =       -589.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        396.23 kN. 
           -. Muz    =      -1082.13 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1011.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1311.53 kN. 
           -. phiVcz    = phi * Vcz =     1180.38 kN. 
 
           -. Vuy       =      396.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1269.72 kN. 
           -. phiVcy    = phi * Vcy =     1142.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2160.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5836.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2160.82 kN. 
           -. phiVsz   = phi*Vsz =     1944.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2139.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5878.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2139.67 kN. 
           -. phiVsy   = phi*Vsy =     1925.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1086.398 kN. 
           -. Vr       =    3068.444 kN. 
           -. Ratio    = Vu / Vr = 0.354  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1207.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1207.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117107,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1654.77      -318.34      -379.29     -1691.16     -1682.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1654.77      -318.34      -379.29     -1691.16     -1682.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      318.34 kN-m. 
           -. End Moments (My2) =      379.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -379.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -379.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1682.70 kN-m. 
           -. End Moments (Mz2) =     1691.16 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1682.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1682.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4985.443 kN. 
           -. Mry        =      1143.309 kN-m. 
           -. Mrz        =      5099.853 kN-m. 
           -. Mr         =      5226.438 kN-m. 
           -. Pu/Pr      =   0.332  --->  O.K ! 
           -. Muy/Mry    =   0.332  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.332  --->  O.K ! 
           -. Ratio      =   0.332  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1582.97 kN. 
           -. Vuz    =        898.55 kN. 
           -. Muy    =       -573.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        351.69 kN. 
           -. Muz    =       -934.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      898.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1354.30 kN. 
           -. phiVcz    = phi * Vcz =     1218.87 kN. 
 
           -. Vuy       =      351.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1313.21 kN. 
           -. phiVcy    = phi * Vcy =     1181.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2181.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5794.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2181.40 kN. 
           -. phiVsz   = phi*Vsz =     1963.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2161.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5835.28 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2161.65 kN. 
           -. phiVsy   = phi*Vsy =     1945.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     964.918 kN. 
           -. Vr       =    3127.371 kN. 
           -. Ratio    = Vu / Vr = 0.309  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1072.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1072.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117108,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1654.79      -379.29      -469.25     -1682.70     -1660.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1654.79      -379.29      -469.25     -1682.70     -1660.89 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      379.29 kN-m. 
           -. End Moments (My2) =      469.25 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -379.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -379.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1660.89 kN-m. 
           -. End Moments (Mz2) =     1682.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1682.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1682.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4985.443 kN. 
           -. Mry        =      1143.309 kN-m. 
           -. Mrz        =      5099.853 kN-m. 
           -. Mr         =      5226.438 kN-m. 
           -. Pu/Pr      =   0.332  --->  O.K ! 
           -. Muy/Mry    =   0.332  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.332  --->  O.K ! 
           -. Ratio      =   0.332  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1599.64 kN. 
           -. Vuz    =        786.34 kN. 
           -. Muy    =       -911.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =        307.83 kN. 
           -. Muz    =       -885.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      786.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1339.31 kN. 
           -. phiVcz    = phi * Vcz =     1205.38 kN. 
 
           -. Vuy       =      307.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1297.94 kN. 
           -. phiVcy    = phi * Vcy =     1168.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2174.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5809.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2174.30 kN. 
           -. phiVsz   = phi*Vsz =     1956.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2154.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5850.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2154.07 kN. 
           -. phiVsy   = phi*Vsy =     1938.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     844.447 kN. 
           -. Vr       =    3106.811 kN. 
           -. Ratio    = Vu / Vr = 0.272  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      938.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      938.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117109,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1688.11      -469.25      -573.84     -1660.89     -1624.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1688.11      -469.25      -573.84     -1660.89     -1624.76 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      469.25 kN-m. 
           -. End Moments (My2) =      573.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -573.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -573.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1624.76 kN-m. 
           -. End Moments (Mz2) =     1660.89 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1624.76 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1624.76 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      5086.082 kN. 
           -. Mry        =      1738.794 kN-m. 
           -. Mrz        =      4926.652 kN-m. 
           -. Mr         =      5224.491 kN-m. 
           -. Pu/Pr      =   0.332  --->  O.K ! 
           -. Muy/Mry    =   0.330  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.332  --->  O.K ! 
           -. Ratio      =   0.332  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1616.31 kN. 
           -. Vuz    =        676.27 kN. 
           -. Muy    =      -1209.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =        265.45 kN. 
           -. Muz    =       -845.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      676.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1318.63 kN. 
           -. phiVcz    = phi * Vcz =     1186.77 kN. 
 
           -. Vuy       =      265.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1276.93 kN. 
           -. phiVcy    = phi * Vcy =     1149.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2164.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5829.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2164.31 kN. 
           -. phiVsz   = phi*Vsz =     1947.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2143.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5871.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2143.39 kN. 
           -. phiVsy   = phi*Vsy =     1929.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     726.498 kN. 
           -. Vr       =    3078.287 kN. 
           -. Ratio    = Vu / Vr = 0.236  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      807.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      807.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117110,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1688.13      -573.84      -676.03     -1624.76     -1574.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1688.13      -573.84      -676.03     -1624.76     -1574.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      573.84 kN-m. 
           -. End Moments (My2) =      676.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -573.84 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -573.84 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1574.23 kN-m. 
           -. End Moments (Mz2) =     1624.76 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1624.76 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1624.76 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      5086.082 kN. 
           -. Mry        =      1738.794 kN-m. 
           -. Mrz        =      4926.652 kN-m. 
           -. Mr         =      5224.491 kN-m. 
           -. Pu/Pr      =   0.332  --->  O.K ! 
           -. Muy/Mry    =   0.330  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.332  --->  O.K ! 
           -. Ratio      =   0.332  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1632.97 kN. 
           -. Vuz    =        569.66 kN. 
           -. Muy    =      -1463.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.12 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        227.53 kN. 
           -. Muz    =       -807.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.78 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      569.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1299.49 kN. 
           -. phiVcz    = phi * Vcz =     1169.54 kN. 
 
           -. Vuy       =      227.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1257.49 kN. 
           -. phiVcy    = phi * Vcy =     1131.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2154.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5849.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2154.84 kN. 
           -. phiVsz   = phi*Vsz =     1939.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2133.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5890.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2133.28 kN. 
           -. phiVsy   = phi*Vsy =     1919.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     613.424 kN. 
           -. Vr       =    3051.691 kN. 
           -. Ratio    = Vu / Vr = 0.201  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      681.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      681.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117111,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            668.57      1434.31      1655.49       708.52       750.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      668.57      1434.31      1655.49       708.52       750.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1434.31 kN-m. 
           -. End Moments (My2) =     1655.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1655.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1655.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      708.52 kN-m. 
           -. End Moments (Mz2) =      750.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      750.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      750.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1887.485 kN. 
           -. Mry        =      4665.699 kN-m. 
           -. Mrz        =      2113.630 kN-m. 
           -. Mr         =      5122.126 kN-m. 
           -. Pu/Pr      =   0.354  --->  O.K ! 
           -. Muy/Mry    =   0.355  --->  O.K ! 
           -. Muz/Mrz    =   0.355  --->  O.K ! 
           -. Mu/Mr      =   0.355  --->  O.K ! 
           -. Ratio      =   0.355  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1649.64 kN. 
           -. Vuz    =        467.86 kN. 
           -. Muy    =      -1674.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.22 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        205.72 kN. 
           -. Muz    =       -769.26 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      467.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1283.49 kN. 
           -. phiVcz    = phi * Vcz =     1155.14 kN. 
 
           -. Vuy       =      205.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1241.28 kN. 
           -. phiVcy    = phi * Vcy =     1117.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2146.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2146.76 kN. 
           -. phiVsz   = phi*Vsz =     1932.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2124.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5907.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2124.64 kN. 
           -. phiVsy   = phi*Vsy =     1912.18 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     511.090 kN. 
           -. Vr       =    3029.329 kN. 
           -. Ratio    = Vu / Vr = 0.169  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      567.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      567.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117112,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            680.55      1655.49      1835.48       750.43       790.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      680.55      1655.49      1835.48       750.43       790.15 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1655.49 kN-m. 
           -. End Moments (My2) =     1835.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1835.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1835.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      750.43 kN-m. 
           -. End Moments (Mz2) =      790.15 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      790.15 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      790.15 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1740.522 kN. 
           -. Mry        =      4698.622 kN-m. 
           -. Mrz        =      2018.414 kN-m. 
           -. Mr         =      5113.810 kN-m. 
           -. Pu/Pr      =   0.391  --->  O.K ! 
           -. Muy/Mry    =   0.391  --->  O.K ! 
           -. Muz/Mrz    =   0.391  --->  O.K ! 
           -. Mu/Mr      =   0.391  --->  O.K ! 
           -. Ratio      =   0.391  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1666.30 kN. 
           -. Vuz    =        372.15 kN. 
           -. Muy    =      -1846.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
 
           -. Vuy    =        190.56 kN. 
           -. Muz    =       -737.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      372.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1271.10 kN. 
           -. phiVcz    = phi * Vcz =     1143.99 kN. 
 
           -. Vuy       =      190.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1228.72 kN. 
           -. phiVcy    = phi * Vcy =     1105.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2140.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5877.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2140.38 kN. 
           -. phiVsz   = phi*Vsz =     1926.35 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2117.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5919.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2117.84 kN. 
           -. phiVsy   = phi*Vsy =     1906.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     418.104 kN. 
           -. Vr       =    3011.909 kN. 
           -. Ratio    = Vu / Vr = 0.139  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      464.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      464.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1390 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117113,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            692.54      1835.48      1973.22       790.15       823.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      692.54      1835.48      1973.22       790.15       823.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1835.48 kN-m. 
           -. End Moments (My2) =     1973.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1973.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1973.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      790.15 kN-m. 
           -. End Moments (Mz2) =      823.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      823.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      823.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1650.881 kN. 
           -. Mry        =      4713.635 kN-m. 
           -. Mrz        =      1964.656 kN-m. 
           -. Mr         =      5106.684 kN-m. 
           -. Pu/Pr      =   0.419  --->  O.K ! 
           -. Muy/Mry    =   0.419  --->  O.K ! 
           -. Muz/Mrz    =   0.419  --->  O.K ! 
           -. Mu/Mr      =   0.419  --->  O.K ! 
           -. Ratio      =   0.419  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1682.97 kN. 
           -. Vuz    =        283.74 kN. 
           -. Muy    =      -1975.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        176.40 kN. 
           -. Muz    =       -707.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      283.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1263.37 kN. 
           -. phiVcz    = phi * Vcz =     1137.03 kN. 
 
           -. Vuy       =      176.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1220.90 kN. 
           -. phiVcy    = phi * Vcy =     1098.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2136.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5885.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2136.36 kN. 
           -. phiVsz   = phi*Vsz =     1922.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2113.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5927.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2113.55 kN. 
           -. phiVsy   = phi*Vsy =     1902.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     334.106 kN. 
           -. Vr       =    3001.005 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      371.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      371.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117114,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            704.52      1973.22      2053.52       823.36       844.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      704.52      1973.22      2053.52       823.36       844.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1973.22 kN-m. 
           -. End Moments (My2) =     2053.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2053.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2053.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      823.36 kN-m. 
           -. End Moments (Mz2) =      844.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      844.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      844.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1628.444 kN. 
           -. Mry        =      4721.987 kN-m. 
           -. Mrz        =      1939.782 kN-m. 
           -. Mr         =      5104.891 kN-m. 
           -. Pu/Pr      =   0.433  --->  O.K ! 
           -. Muy/Mry    =   0.435  --->  O.K ! 
           -. Muz/Mrz    =   0.435  --->  O.K ! 
           -. Mu/Mr      =   0.435  --->  O.K ! 
           -. Ratio      =   0.435  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1754.80 kN. 
           -. Vuz    =        110.00 kN. 
           -. Muy    =       -914.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        216.78 kN. 
           -. Muz    =      -1370.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      110.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1353.91 kN. 
           -. phiVcz    = phi * Vcz =     1218.52 kN. 
 
           -. Vuy       =      216.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1312.81 kN. 
           -. phiVcy    = phi * Vcy =     1181.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2181.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5794.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2181.21 kN. 
           -. phiVsz   = phi*Vsz =     1963.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2161.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5835.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2161.46 kN. 
           -. phiVsy   = phi*Vsy =     1945.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     243.092 kN. 
           -. Vr       =    3126.840 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      270.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      270.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117115,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            716.50      2053.52      2068.34       844.22       841.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      716.50      2053.52      2068.34       844.22       841.55 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2053.52 kN-m. 
           -. End Moments (My2) =     2068.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2068.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2068.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      841.55 kN-m. 
           -. End Moments (Mz2) =      844.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      841.55 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      841.55 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1628.717 kN. 
           -. Mry        =      4728.873 kN-m. 
           -. Mrz        =      1922.991 kN-m. 
           -. Mr         =      5104.913 kN-m. 
           -. Pu/Pr      =   0.440  --->  O.K ! 
           -. Muy/Mry    =   0.437  --->  O.K ! 
           -. Muz/Mrz    =   0.438  --->  O.K ! 
           -. Mu/Mr      =   0.440  --->  O.K ! 
           -. Ratio      =   0.440  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1771.47 kN. 
           -. Vuz    =         49.28 kN. 
           -. Muy    =       -953.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
 
           -. Vuy    =        231.27 kN. 
           -. Muz    =      -1289.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       49.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1362.19 kN. 
           -. phiVcz    = phi * Vcz =     1225.97 kN. 
 
           -. Vuy       =      231.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1321.25 kN. 
           -. phiVcy    = phi * Vcy =     1189.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2185.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5786.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2185.08 kN. 
           -. phiVsz   = phi*Vsz =     1966.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2165.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5827.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2165.59 kN. 
           -. phiVsy   = phi*Vsy =     1949.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     236.458 kN. 
           -. Vr       =    3138.155 kN. 
           -. Ratio    = Vu / Vr = 0.075  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      262.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      262.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117116,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            716.49      2068.34      2026.90       841.55       818.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      716.49      2068.34      2026.90       841.55       818.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2026.90 kN-m. 
           -. End Moments (My2) =     2068.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2068.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2068.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      818.23 kN-m. 
           -. End Moments (Mz2) =      841.55 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      841.55 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      841.55 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1628.717 kN. 
           -. Mry        =      4728.873 kN-m. 
           -. Mrz        =      1922.991 kN-m. 
           -. Mr         =      5104.913 kN-m. 
           -. Pu/Pr      =   0.440  --->  O.K ! 
           -. Muy/Mry    =   0.437  --->  O.K ! 
           -. Muz/Mrz    =   0.438  --->  O.K ! 
           -. Mu/Mr      =   0.440  --->  O.K ! 
           -. Ratio      =   0.440  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1788.13 kN. 
           -. Vuz    =         59.35 kN. 
           -. Muy    =       -962.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        240.95 kN. 
           -. Muz    =      -1192.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       59.35 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1372.83 kN. 
           -. phiVcz    = phi * Vcz =     1235.54 kN. 
 
           -. Vuy       =      240.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1332.09 kN. 
           -. phiVcy    = phi * Vcy =     1198.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2189.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5775.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2189.99 kN. 
           -. phiVsz   = phi*Vsz =     1970.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5816.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.85 kN. 
           -. phiVsy   = phi*Vsy =     1953.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     248.153 kN. 
           -. Vr       =    3152.645 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      275.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      275.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117117,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            728.48      2026.90      1939.54       818.23       778.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      728.48      2026.90      1939.54       818.23       778.08 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1939.54 kN-m. 
           -. End Moments (My2) =     2026.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2026.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2026.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      778.08 kN-m. 
           -. End Moments (Mz2) =      818.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      818.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      818.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1720.433 kN. 
           -. Mry        =      4740.848 kN-m. 
           -. Mrz        =      1912.893 kN-m. 
           -. Mr         =      5112.221 kN-m. 
           -. Pu/Pr      =   0.423  --->  O.K ! 
           -. Muy/Mry    =   0.428  --->  O.K ! 
           -. Muz/Mrz    =   0.428  --->  O.K ! 
           -. Mu/Mr      =   0.428  --->  O.K ! 
           -. Ratio      =   0.428  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1804.80 kN. 
           -. Vuz    =         87.98 kN. 
           -. Muy    =       -945.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =        245.07 kN. 
           -. Muz    =      -1084.46 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       87.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1388.23 kN. 
           -. phiVcz    = phi * Vcz =     1249.41 kN. 
 
           -. Vuy       =      245.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1347.81 kN. 
           -. phiVcy    = phi * Vcy =     1213.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2197.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5760.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2197.00 kN. 
           -. phiVsz   = phi*Vsz =     1977.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2178.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5800.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2178.34 kN. 
           -. phiVsy   = phi*Vsy =     1960.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     260.382 kN. 
           -. Vr       =    3173.540 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      289.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      289.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117118,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            740.46      1939.54      1816.58       778.08       725.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      740.46      1939.54      1816.58       778.08       725.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1816.58 kN-m. 
           -. End Moments (My2) =     1939.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1939.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1939.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      725.00 kN-m. 
           -. End Moments (Mz2) =      778.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      778.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      778.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1811.197 kN. 
           -. Mry        =      4751.590 kN-m. 
           -. Mrz        =      1905.422 kN-m. 
           -. Mr         =      5119.399 kN-m. 
           -. Pu/Pr      =   0.409  --->  O.K ! 
           -. Muy/Mry    =   0.408  --->  O.K ! 
           -. Muz/Mrz    =   0.408  --->  O.K ! 
           -. Mu/Mr      =   0.409  --->  O.K ! 
           -. Ratio      =   0.409  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1749.64 kN. 
           -. Vuz    =        251.79 kN. 
           -. Muy    =      -1922.82 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        123.80 kN. 
           -. Muz    =       -535.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      251.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.06 kN. 
           -. phiVcz    = phi * Vcz =     1155.66 kN. 
 
           -. Vuy       =      123.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1241.85 kN. 
           -. phiVcy    = phi * Vcy =     1117.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.05 kN. 
           -. phiVsz   = phi*Vsz =     1932.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2124.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2124.96 kN. 
           -. phiVsy   = phi*Vsy =     1912.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     280.581 kN. 
           -. Vr       =    3030.129 kN. 
           -. Ratio    = Vu / Vr = 0.093  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      311.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      311.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117119,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            752.45      1816.58      1668.17       725.00       662.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      752.45      1816.58      1668.17       725.00       662.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1668.17 kN-m. 
           -. End Moments (My2) =     1816.58 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1816.58 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1816.58 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      662.84 kN-m. 
           -. End Moments (Mz2) =      725.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      725.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      725.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1989.988 kN. 
           -. Mry        =      4767.903 kN-m. 
           -. Mrz        =      1902.245 kN-m. 
           -. Mr         =      5133.365 kN-m. 
           -. Pu/Pr      =   0.378  --->  O.K ! 
           -. Muy/Mry    =   0.381  --->  O.K ! 
           -. Muz/Mrz    =   0.381  --->  O.K ! 
           -. Mu/Mr      =   0.381  --->  O.K ! 
           -. Ratio      =   0.381  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1766.30 kN. 
           -. Vuz    =        299.58 kN. 
           -. Muy    =      -1798.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.12 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        120.22 kN. 
           -. Muz    =       -478.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      299.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1300.30 kN. 
           -. phiVcz    = phi * Vcz =     1170.27 kN. 
 
           -. Vuy       =      120.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1258.32 kN. 
           -. phiVcy    = phi * Vcy =     1132.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2155.25 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5848.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2155.25 kN. 
           -. phiVsz   = phi*Vsz =     1939.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2133.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5890.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2133.71 kN. 
           -. phiVsy   = phi*Vsy =     1920.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     322.799 kN. 
           -. Vr       =    3052.824 kN. 
           -. Ratio    = Vu / Vr = 0.106  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      358.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      358.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1418 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117120,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            764.43      1668.17      1503.87       662.84       595.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      764.43      1668.17      1503.87       662.84       595.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1503.87 kN-m. 
           -. End Moments (My2) =     1668.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1668.17 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1668.17 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      595.27 kN-m. 
           -. End Moments (Mz2) =      662.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      662.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      662.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2171.613 kN. 
           -. Mry        =      4782.128 kN-m. 
           -. Mrz        =      1900.614 kN-m. 
           -. Mr         =      5145.977 kN-m. 
           -. Pu/Pr      =   0.352  --->  O.K ! 
           -. Muy/Mry    =   0.349  --->  O.K ! 
           -. Muz/Mrz    =   0.349  --->  O.K ! 
           -. Mu/Mr      =   0.352  --->  O.K ! 
           -. Ratio      =   0.352  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1782.96 kN. 
           -. Vuz    =        329.34 kN. 
           -. Muy    =      -1648.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        115.94 kN. 
           -. Muz    =       -420.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      329.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1323.88 kN. 
           -. phiVcz    = phi * Vcz =     1191.49 kN. 
 
           -. Vuy       =      115.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1282.26 kN. 
           -. phiVcy    = phi * Vcy =     1154.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2166.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5824.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2166.87 kN. 
           -. phiVsz   = phi*Vsz =     1950.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2146.13 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5866.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2146.13 kN. 
           -. phiVsy   = phi*Vsy =     1931.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     349.149 kN. 
           -. Vr       =    3085.550 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      387.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      387.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117121,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            776.42      1503.87      1332.42       595.27       525.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      776.42      1503.87      1332.42       595.27       525.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1332.42 kN-m. 
           -. End Moments (My2) =     1503.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1503.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1503.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      525.62 kN-m. 
           -. End Moments (Mz2) =      595.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      595.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      595.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2486.897 kN. 
           -. Mry        =      4798.286 kN-m. 
           -. Mrz        =      1899.248 kN-m. 
           -. Mr         =      5160.493 kN-m. 
           -. Pu/Pr      =   0.312  --->  O.K ! 
           -. Muy/Mry    =   0.313  --->  O.K ! 
           -. Muz/Mrz    =   0.313  --->  O.K ! 
           -. Mu/Mr      =   0.313  --->  O.K ! 
           -. Ratio      =   0.313  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        776.42 kN. 
           -. Vuz    =        343.15 kN. 
           -. Muy    =       1503.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.06 
 
           -. Vuy    =        140.59 kN. 
           -. Muz    =        595.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.06 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      343.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1384.29 kN. 
           -. phiVcz    = phi * Vcz =     1245.86 kN. 
 
           -. Vuy       =      140.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1384.29 kN. 
           -. phiVcy    = phi * Vcy =     1245.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2195.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5764.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2195.22 kN. 
           -. phiVsz   = phi*Vsz =     1975.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2195.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5764.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2195.22 kN. 
           -. phiVsy   = phi*Vsy =     1975.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     370.837 kN. 
           -. Vr       =    3221.563 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      412.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      412.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117122,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            788.40      1332.42      1161.63       525.62       456.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      788.40      1332.42      1161.63       525.62       456.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1161.63 kN-m. 
           -. End Moments (My2) =     1332.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1332.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1332.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      456.86 kN-m. 
           -. End Moments (Mz2) =      525.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      525.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      525.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2862.674 kN. 
           -. Mry        =      4816.072 kN-m. 
           -. Mrz        =      1899.625 kN-m. 
           -. Mr         =      5177.174 kN-m. 
           -. Pu/Pr      =   0.275  --->  O.K ! 
           -. Muy/Mry    =   0.277  --->  O.K ! 
           -. Muz/Mrz    =   0.277  --->  O.K ! 
           -. Mu/Mr      =   0.277  --->  O.K ! 
           -. Ratio      =   0.277  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        788.40 kN. 
           -. Vuz    =        341.75 kN. 
           -. Muy    =       1332.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.16 
 
           -. Vuy    =        138.44 kN. 
           -. Muz    =        525.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.16 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      341.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1425.50 kN. 
           -. phiVcz    = phi * Vcz =     1282.95 kN. 
 
           -. Vuy       =      138.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1425.50 kN. 
           -. phiVcy    = phi * Vcy =     1282.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2213.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5722.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2213.46 kN. 
           -. phiVsz   = phi*Vsz =     1992.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2213.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5722.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2213.46 kN. 
           -. phiVsy   = phi*Vsy =     1992.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     368.728 kN. 
           -. Vr       =    3275.061 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      409.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      409.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117123,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            800.39      1161.63       998.20       456.86       391.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      800.39      1161.63       998.20       456.86       391.55 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      998.20 kN-m. 
           -. End Moments (My2) =     1161.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1161.63 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1161.63 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      391.55 kN-m. 
           -. End Moments (Mz2) =      456.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      456.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      456.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3342.643 kN. 
           -. Mry        =      4836.779 kN-m. 
           -. Mrz        =      1902.105 kN-m. 
           -. Mr         =      5197.349 kN-m. 
           -. Pu/Pr      =   0.239  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.240  --->  O.K ! 
           -. Mu/Mr      =   0.240  --->  O.K ! 
           -. Ratio      =   0.240  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        800.39 kN. 
           -. Vuz    =        326.95 kN. 
           -. Muy    =       1161.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.26 
 
           -. Vuy    =        131.27 kN. 
           -. Muz    =        456.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      326.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1472.07 kN. 
           -. phiVcz    = phi * Vcz =     1324.86 kN. 
 
           -. Vuy       =      131.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1472.07 kN. 
           -. phiVcy    = phi * Vcy =     1324.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2233.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5676.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2233.08 kN. 
           -. phiVsz   = phi*Vsz =     2009.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2233.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5676.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2233.08 kN. 
           -. phiVsy   = phi*Vsy =     2009.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     352.319 kN. 
           -. Vr       =    3334.639 kN. 
           -. Ratio    = Vu / Vr = 0.106  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      391.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      391.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117124,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            812.38       998.20       847.11       391.55       331.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      812.38       998.20       847.11       391.55       331.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      847.11 kN-m. 
           -. End Moments (My2) =      998.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      998.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      998.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      331.53 kN-m. 
           -. End Moments (Mz2) =      391.55 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      391.55 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      391.55 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3973.628 kN. 
           -. Mry        =      4860.978 kN-m. 
           -. Mrz        =      1906.892 kN-m. 
           -. Mr         =      5221.623 kN-m. 
           -. Pu/Pr      =   0.204  --->  O.K ! 
           -. Muy/Mry    =   0.205  --->  O.K ! 
           -. Muz/Mrz    =   0.205  --->  O.K ! 
           -. Mu/Mr      =   0.205  --->  O.K ! 
           -. Ratio      =   0.205  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        812.38 kN. 
           -. Vuz    =        302.26 kN. 
           -. Muy    =        998.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.37 
 
           -. Vuy    =        120.50 kN. 
           -. Muz    =        391.55 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.37 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      302.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1522.04 kN. 
           -. phiVcz    = phi * Vcz =     1369.84 kN. 
 
           -. Vuy       =      120.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1522.04 kN. 
           -. phiVcy    = phi * Vcy =     1369.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2253.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5626.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2253.07 kN. 
           -. phiVsz   = phi*Vsz =     2027.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2253.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5626.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2253.07 kN. 
           -. phiVsy   = phi*Vsy =     2027.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     325.391 kN. 
           -. Vr       =    3397.599 kN. 
           -. Ratio    = Vu / Vr = 0.096  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      361.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      361.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117125,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1866.27      -832.18      -694.50      -174.72      -140.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1866.27      -832.18      -694.50      -174.72      -140.40 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      694.50 kN-m. 
           -. End Moments (My2) =      832.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -832.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -832.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      140.40 kN-m. 
           -. End Moments (Mz2) =      174.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -174.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -174.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10475.847 kN. 
           -. Mry        =      4690.878 kN-m. 
           -. Mrz        =       980.643 kN-m. 
           -. Mr         =      4792.285 kN-m. 
           -. Pu/Pr      =   0.178  --->  O.K ! 
           -. Muy/Mry    =   0.177  --->  O.K ! 
           -. Muz/Mrz    =   0.178  --->  O.K ! 
           -. Mu/Mr      =   0.178  --->  O.K ! 
           -. Ratio      =   0.178  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        824.36 kN. 
           -. Vuz    =        278.81 kN. 
           -. Muy    =        847.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.48 
 
           -. Vuy    =        110.65 kN. 
           -. Muz    =        331.53 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      278.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1571.35 kN. 
           -. phiVcz    = phi * Vcz =     1414.21 kN. 
 
           -. Vuy       =      110.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1571.35 kN. 
           -. phiVcy    = phi * Vcy =     1414.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2271.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5577.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2271.77 kN. 
           -. phiVsz   = phi*Vsz =     2044.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2271.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5577.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2271.77 kN. 
           -. phiVsy   = phi*Vsy =     2044.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     299.969 kN. 
           -. Vr       =    3458.802 kN. 
           -. Ratio    = Vu / Vr = 0.087  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      333.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      333.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117126,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1882.93      -694.50      -570.41      -140.40      -110.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1882.93      -694.50      -570.41      -140.40      -110.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      570.41 kN-m. 
           -. End Moments (My2) =      694.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1443 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -694.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -694.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      110.82 kN-m. 
           -. End Moments (Mz2) =      140.40 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -140.40 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -140.40 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12202.905 kN. 
           -. Mry        =      4530.674 kN-m. 
           -. Mrz        =       924.338 kN-m. 
           -. Mr         =      4624.003 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.152  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        836.35 kN. 
           -. Vuz    =        251.68 kN. 
           -. Muy    =        707.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.59 
 
           -. Vuy    =         99.47 kN. 
           -. Muz    =        276.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.59 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1445 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      251.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1621.13 kN. 
           -. phiVcz    = phi * Vcz =     1459.02 kN. 
 
           -. Vuy       =       99.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1621.13 kN. 
           -. phiVcy    = phi * Vcy =     1459.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2289.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5527.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2289.71 kN. 
           -. phiVsz   = phi*Vsz =     2060.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2289.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5527.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2289.71 kN. 
           -. phiVsy   = phi*Vsy =     2060.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     270.623 kN. 
           -. Vr       =    3519.761 kN. 
           -. Ratio    = Vu / Vr = 0.077  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      300.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      300.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117127,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1899.59      -570.41      -460.92      -110.82       -85.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1899.59      -570.41      -460.92      -110.82       -85.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      460.92 kN-m. 
           -. End Moments (My2) =      570.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -570.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -570.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       85.94 kN-m. 
           -. End Moments (Mz2) =      110.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -110.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -110.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14342.432 kN. 
           -. Mry        =      4296.234 kN-m. 
           -. Mrz        =       828.864 kN-m. 
           -. Mr         =      4375.459 kN-m. 
           -. Pu/Pr      =   0.132  --->  O.K ! 
           -. Muy/Mry    =   0.133  --->  O.K ! 
           -. Muz/Mrz    =   0.134  --->  O.K ! 
           -. Mu/Mr      =   0.134  --->  O.K ! 
           -. Ratio      =   0.134  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        848.34 kN. 
           -. Vuz    =        222.37 kN. 
           -. Muy    =        581.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.70 
 
           -. Vuy    =         87.55 kN. 
           -. Muz    =        226.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.70 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      222.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1670.11 kN. 
           -. phiVcz    = phi * Vcz =     1503.10 kN. 
 
           -. Vuy       =       87.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1670.11 kN. 
           -. phiVcy    = phi * Vcy =     1503.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2306.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5478.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2306.51 kN. 
           -. phiVsz   = phi*Vsz =     2075.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2306.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5478.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2306.51 kN. 
           -. phiVsy   = phi*Vsy =     2075.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     238.988 kN. 
           -. Vr       =    3578.952 kN. 
           -. Ratio    = Vu / Vr = 0.067  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      265.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      265.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117128,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1916.25      -460.92      -365.55       -85.94       -65.31 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1916.25      -460.92      -365.55       -85.94       -65.31 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      365.55 kN-m. 
           -. End Moments (My2) =      460.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -460.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -460.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       65.31 kN-m. 
           -. End Moments (Mz2) =       85.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -85.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -85.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16495.971 kN. 
           -. Mry        =      4001.226 kN-m. 
           -. Mrz        =       750.073 kN-m. 
           -. Mr         =      4070.924 kN-m. 
           -. Pu/Pr      =   0.116  --->  O.K ! 
           -. Muy/Mry    =   0.115  --->  O.K ! 
           -. Muz/Mrz    =   0.115  --->  O.K ! 
           -. Mu/Mr      =   0.116  --->  O.K ! 
           -. Ratio      =   0.116  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        860.33 kN. 
           -. Vuz    =        194.00 kN. 
           -. Muy    =        470.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.80 
 
           -. Vuy    =         76.10 kN. 
           -. Muz    =        183.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.80 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      194.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1716.46 kN. 
           -. phiVcz    = phi * Vcz =     1544.81 kN. 
 
           -. Vuy       =       76.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1716.46 kN. 
           -. phiVcy    = phi * Vcy =     1544.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2321.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5432.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2321.67 kN. 
           -. phiVsz   = phi*Vsz =     2089.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2321.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5432.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2321.67 kN. 
           -. phiVsy   = phi*Vsy =     2089.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     208.391 kN. 
           -. Vr       =    3634.321 kN. 
           -. Ratio    = Vu / Vr = 0.057  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      231.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      231.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117129,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2479.12       -53.77       -41.44         3.90         3.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2479.12       -53.77       -41.44         3.90         3.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       41.44 kN-m. 
           -. End Moments (My2) =       53.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -41.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -41.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.69 kN-m. 
           -. End Moments (Mz2) =        3.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        3.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        3.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       408.009 kN-m. 
           -. Mrz        =        35.938 kN-m. 
           -. Mr         =       409.588 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.103  --->  O.K ! 
           -. Ratio      =   0.103  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        872.32 kN. 
           -. Vuz    =        175.03 kN. 
           -. Muy    =        373.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.89 
 
           -. Vuy    =         68.50 kN. 
           -. Muz    =        145.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.89 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      175.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1756.88 kN. 
           -. phiVcz    = phi * Vcz =     1581.19 kN. 
 
           -. Vuy       =       68.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1756.88 kN. 
           -. phiVcy    = phi * Vcy =     1581.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2334.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5391.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2334.36 kN. 
           -. phiVsz   = phi*Vsz =     2100.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2334.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5391.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2334.36 kN. 
           -. phiVsy   = phi*Vsy =     2100.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     187.959 kN. 
           -. Vr       =    3682.117 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      208.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      208.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117130,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2495.78       -41.44       -30.32         3.69         3.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2495.78       -41.44       -30.32         3.69         3.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       30.32 kN-m. 
           -. End Moments (My2) =       41.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -30.32 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -30.32 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.25 kN-m. 
           -. End Moments (Mz2) =        3.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        3.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        3.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       296.502 kN-m. 
           -. Mrz        =        31.643 kN-m. 
           -. Mr         =       298.185 kN-m. 
           -. Pu/Pr      =   0.102  --->  O.K ! 
           -. Muy/Mry    =   0.102  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.103  --->  O.K ! 
           -. Ratio      =   0.103  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        884.31 kN. 
           -. Vuz    =        157.16 kN. 
           -. Muy    =        286.25 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.97 
 
           -. Vuy    =         61.37 kN. 
           -. Muz    =        111.04 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.97 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      157.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1795.08 kN. 
           -. phiVcz    = phi * Vcz =     1615.57 kN. 
 
           -. Vuy       =       61.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1795.08 kN. 
           -. phiVcy    = phi * Vcy =     1615.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2345.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5353.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2345.91 kN. 
           -. phiVsz   = phi*Vsz =     2111.32 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2345.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5353.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2345.91 kN. 
           -. phiVsy   = phi*Vsy =     2111.32 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     168.722 kN. 
           -. Vr       =    3726.892 kN. 
           -. Ratio    = Vu / Vr = 0.045  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      187.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      187.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
7.7725e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
7.7725e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-7.7725e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117131,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2512.43       -30.32       -20.31         3.25         2.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2512.43       -30.32       -20.31         3.25         2.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       20.31 kN-m. 
           -. End Moments (My2) =       30.32 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -20.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -20.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        2.58 kN-m. 
           -. End Moments (Mz2) =        3.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        2.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        2.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       197.274 kN-m. 
           -. Mrz        =        25.061 kN-m. 
           -. Mr         =       198.860 kN-m. 
           -. Pu/Pr      =   0.103  --->  O.K ! 
           -. Muy/Mry    =   0.103  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.103  --->  O.K ! 
           -. Ratio      =   0.103  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        896.30 kN. 
           -. Vuz    =        140.85 kN. 
           -. Muy    =        207.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.05 
 
           -. Vuy    =         54.90 kN. 
           -. Muz    =         80.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.05 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1465 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      140.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1830.69 kN. 
           -. phiVcz    = phi * Vcz =     1647.63 kN. 
 
           -. Vuy       =       54.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1830.69 kN. 
           -. phiVcy    = phi * Vcy =     1647.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2356.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5317.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2356.33 kN. 
           -. phiVsz   = phi*Vsz =     2120.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2356.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5317.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2356.33 kN. 
           -. phiVsy   = phi*Vsy =     2120.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     151.168 kN. 
           -. Vr       =    3768.319 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      167.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      167.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117132,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2529.09       -20.31       -12.22         2.58         1.73 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2529.09       -20.31       -12.22         2.58         1.73 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       12.22 kN-m. 
           -. End Moments (My2) =       20.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -12.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -12.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.73 kN-m. 
           -. End Moments (Mz2) =        2.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        1.73 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        1.73 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       117.952 kN-m. 
           -. Mrz        =        16.723 kN-m. 
           -. Mr         =       119.132 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.103  --->  O.K ! 
           -. Mu/Mr      =   0.104  --->  O.K ! 
           -. Ratio      =   0.104  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        908.29 kN. 
           -. Vuz    =        112.72 kN. 
           -. Muy    =        137.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.14 
 
           -. Vuy    =         43.80 kN. 
           -. Muz    =         53.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.14 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1868.62 kN. 
           -. phiVcz    = phi * Vcz =     1681.76 kN. 
 
           -. Vuy       =       43.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1868.62 kN. 
           -. phiVcy    = phi * Vcy =     1681.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2367.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5279.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2367.05 kN. 
           -. phiVsz   = phi*Vsz =     2130.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2367.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5279.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2367.05 kN. 
           -. phiVsy   = phi*Vsy =     2130.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     120.930 kN. 
           -. Vr       =    3812.107 kN. 
           -. Ratio    = Vu / Vr = 0.032  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      134.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      134.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117133,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2545.75       -12.22        -6.59         1.73         0.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2545.75       -12.22        -6.59         1.73         0.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        6.59 kN-m. 
           -. End Moments (My2) =       12.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -6.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -6.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.95 kN-m. 
           -. End Moments (Mz2) =        1.73 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        63.205 kN-m. 
           -. Mrz        =         9.099 kN-m. 
           -. Mr         =        63.856 kN-m. 
           -. Pu/Pr      =   0.104  --->  O.K ! 
           -. Muy/Mry    =   0.104  --->  O.K ! 
           -. Muz/Mrz    =   0.104  --->  O.K ! 
           -. Mu/Mr      =   0.104  --->  O.K ! 
           -. Ratio      =   0.104  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        920.28 kN. 
           -. Vuz    =         77.10 kN. 
           -. Muy    =         80.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.22 
 
           -. Vuy    =         29.86 kN. 
           -. Muz    =         31.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.22 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       77.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1904.73 kN. 
           -. phiVcz    = phi * Vcz =     1714.25 kN. 
 
           -. Vuy       =       29.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1904.73 kN. 
           -. phiVcy    = phi * Vcy =     1714.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2376.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5243.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2376.92 kN. 
           -. phiVsz   = phi*Vsz =     2139.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2376.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5243.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2376.92 kN. 
           -. phiVsy   = phi*Vsy =     2139.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      82.680 kN. 
           -. Vr       =    3853.487 kN. 
           -. Ratio    = Vu / Vr = 0.021  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       91.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       91.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117134,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2562.40        -6.59        -3.00         0.95         0.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2562.40        -6.59        -3.00         0.95         0.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.00 kN-m. 
           -. End Moments (My2) =        6.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.29 kN-m. 
           -. End Moments (Mz2) =        0.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        28.533 kN-m. 
           -. Mrz        =         2.721 kN-m. 
           -. Mr         =        28.662 kN-m. 
           -. Pu/Pr      =   0.105  --->  O.K ! 
           -. Muy/Mry    =   0.105  --->  O.K ! 
           -. Muz/Mrz    =   0.106  --->  O.K ! 
           -. Mu/Mr      =   0.106  --->  O.K ! 
           -. Ratio      =   0.106  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        944.26 kN. 
           -. Vuz    =         48.03 kN. 
           -. Muy    =         18.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.27 
 
           -. Vuy    =         18.59 kN. 
           -. Muz    =          9.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.27 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       48.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1929.59 kN. 
           -. phiVcz    = phi * Vcz =     1736.63 kN. 
 
           -. Vuy       =       18.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1929.59 kN. 
           -. phiVcy    = phi * Vcy =     1736.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2383.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5218.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2383.55 kN. 
           -. phiVsz   = phi*Vsz =     2145.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2383.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5218.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2383.55 kN. 
           -. phiVsy   = phi*Vsy =     2145.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      51.500 kN. 
           -. Vr       =    3881.826 kN. 
           -. Ratio    = Vu / Vr = 0.013  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117135,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2579.06        -3.00        -0.99         0.29        -0.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2579.06        -3.00        -0.99         0.29        -0.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.99 kN-m. 
           -. End Moments (My2) =        3.00 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.02 kN-m. 
           -. End Moments (Mz2) =        0.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         9.372 kN-m. 
           -. Mrz        =         0.167 kN-m. 
           -. Mr         =         9.373 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        956.25 kN. 
           -. Vuz    =         25.65 kN. 
           -. Muy    =          5.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.31 
 
           -. Vuy    =         10.81 kN. 
           -. Muz    =          4.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.31 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1945.00 kN. 
           -. phiVcz    = phi * Vcz =     1750.50 kN. 
 
           -. Vuy       =       10.81 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1945.00 kN. 
           -. phiVcy    = phi * Vcy =     1750.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2387.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5203.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2387.58 kN. 
           -. phiVsz   = phi*Vsz =     2148.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2387.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5203.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2387.58 kN. 
           -. phiVsy   = phi*Vsy =     2148.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      27.838 kN. 
           -. Vr       =    3899.315 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       30.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       30.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117136,  LCB = 148-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2579.06        -0.99        -0.14        -0.02        -0.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2579.06        -0.99        -0.14        -0.02        -0.05 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.14 kN-m. 
           -. End Moments (My2) =        0.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.02 kN-m. 
           -. End Moments (Mz2) =        0.05 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         9.372 kN-m. 
           -. Mrz        =         0.167 kN-m. 
           -. Mr         =         9.373 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        968.24 kN. 
           -. Vuz    =         10.02 kN. 
           -. Muy    =          0.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.33 
 
           -. Vuy    =          6.47 kN. 
           -. Muz    =          1.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.33 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       10.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1954.74 kN. 
           -. phiVcz    = phi * Vcz =     1759.27 kN. 
 
           -. Vuy       =        6.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1954.74 kN. 
           -. phiVcy    = phi * Vcy =     1759.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2390.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5193.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2390.10 kN. 
           -. phiVsz   = phi*Vsz =     2151.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2390.10 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5193.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2390.10 kN. 
           -. phiVsy   = phi*Vsy =     2151.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      11.931 kN. 
           -. Vr       =    3910.357 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       13.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       13.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117137,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2612.37        -0.14         0.00        -0.05         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2612.37        -0.14         0.00        -0.05         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.05 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        908.39 kN. 
           -. Vuz    =          1.02 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.37 
 
           -. Vuy    =          3.64 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.37 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1972.44 kN. 
           -. phiVcz    = phi * Vcz =     1775.20 kN. 
 
           -. Vuy       =        3.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1972.44 kN. 
           -. phiVcy    = phi * Vcy =     1775.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2394.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5176.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2394.63 kN. 
           -. phiVsz   = phi*Vsz =     2155.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2394.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5176.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2394.63 kN. 
           -. phiVsy   = phi*Vsy =     2155.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       3.779 kN. 
           -. Vr       =    3930.361 kN. 
           -. Ratio    = Vu / Vr =9.615e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        4.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        4.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117202,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            664.81      3110.42      2394.13      1763.43      1613.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      664.81      3110.42      2394.13      1763.43      1613.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2394.13 kN-m. 
           -. End Moments (My2) =     3110.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1491 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     3110.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     3110.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1613.18 kN-m. 
           -. End Moments (Mz2) =     1763.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1763.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1763.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       948.483 kN. 
           -. Mry        =      4396.297 kN-m. 
           -. Mrz        =      2496.161 kN-m. 
           -. Mr         =      5055.516 kN-m. 
           -. Pu/Pr      =   0.701  --->  O.K ! 
           -. Muy/Mry    =   0.708  --->  O.K ! 
           -. Muz/Mrz    =   0.706  --->  O.K ! 
           -. Mu/Mr      =   0.708  --->  O.K ! 
           -. Ratio      =   0.708  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        664.81 kN. 
           -. Vuz    =       1449.75 kN. 
           -. Muy    =       3110.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  35.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.09 
 
           -. Vuy    =        543.40 kN. 
           -. Muz    =       1763.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.09 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1449.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      944.46 kN. 
           -. phiVcz    = phi * Vcz =      850.01 kN. 
 
           -. Vuy       =      543.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      944.46 kN. 
           -. phiVcy    = phi * Vcy =      850.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1928.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6204.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1928.57 kN. 
           -. phiVsz   = phi*Vsz =     1735.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1928.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6204.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1928.57 kN. 
           -. phiVsy   = phi*Vsy =     1735.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1548.241 kN. 
           -. Vr       =    2585.724 kN. 
           -. Ratio    = Vu / Vr = 0.599  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1720.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1720.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0130 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0130 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0130 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117203,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            676.77      2394.13      1733.85      1613.18      1468.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      676.77      2394.13      1733.85      1613.18      1468.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1733.85 kN-m. 
           -. End Moments (My2) =     2394.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2394.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2394.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1468.49 kN-m. 
           -. End Moments (Mz2) =     1613.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1613.18 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1613.18 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1182.918 kN. 
           -. Mry        =      4202.763 kN-m. 
           -. Mrz        =      2843.668 kN-m. 
           -. Mr         =      5074.413 kN-m. 
           -. Pu/Pr      =   0.572  --->  O.K ! 
           -. Muy/Mry    =   0.570  --->  O.K ! 
           -. Muz/Mrz    =   0.567  --->  O.K ! 
           -. Mu/Mr      =   0.572  --->  O.K ! 
           -. Ratio      =   0.572  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        676.77 kN. 
           -. Vuz    =       1344.27 kN. 
           -. Muy    =       2394.13 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
 
           -. Vuy    =        505.87 kN. 
           -. Muz    =       1613.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1344.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1031.84 kN. 
           -. phiVcz    = phi * Vcz =      928.65 kN. 
 
           -. Vuy       =      505.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1031.84 kN. 
           -. phiVcy    = phi * Vcy =      928.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1995.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6116.65 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1995.04 kN. 
           -. phiVsz   = phi*Vsz =     1795.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1995.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6116.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1995.04 kN. 
           -. phiVsy   = phi*Vsy =     1795.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1436.302 kN. 
           -. Vr       =    2724.191 kN. 
           -. Ratio    = Vu / Vr = 0.527  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1595.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1595.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0107 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0107 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0107 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117204,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            688.72      1733.85      1132.65      1468.49      1331.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      688.72      1733.85      1132.65      1468.49      1331.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1132.65 kN-m. 
           -. End Moments (My2) =     1733.85 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1733.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1733.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1331.17 kN-m. 
           -. End Moments (Mz2) =     1468.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1468.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1468.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1557.526 kN. 
           -. Mry        =      3902.182 kN-m. 
           -. Mrz        =      3288.223 kN-m. 
           -. Mr         =      5102.885 kN-m. 
           -. Pu/Pr      =   0.442  --->  O.K ! 
           -. Muy/Mry    =   0.444  --->  O.K ! 
           -. Muz/Mrz    =   0.447  --->  O.K ! 
           -. Mu/Mr      =   0.447  --->  O.K ! 
           -. Ratio      =   0.447  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        688.72 kN. 
           -. Vuz    =       1234.96 kN. 
           -. Muy    =       1733.85 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.49 
 
           -. Vuy    =        466.99 kN. 
           -. Muz    =       1468.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.49 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1234.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1126.67 kN. 
           -. phiVcz    = phi * Vcz =     1014.01 kN. 
 
           -. Vuy       =      466.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1126.67 kN. 
           -. phiVcy    = phi * Vcy =     1014.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2058.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6021.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2058.27 kN. 
           -. phiVsz   = phi*Vsz =     1852.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2058.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6021.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2058.27 kN. 
           -. phiVsy   = phi*Vsy =     1852.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1320.306 kN. 
           -. Vr       =    2866.452 kN. 
           -. Ratio    = Vu / Vr = 0.461  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1467.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1467.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0087 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0087 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0087 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117205,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            689.50       689.36       495.57      1817.04      1798.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      689.50       689.36       495.57      1817.04      1798.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      495.57 kN-m. 
           -. End Moments (My2) =      689.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      689.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      689.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1798.32 kN-m. 
           -. End Moments (Mz2) =     1817.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1817.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1817.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1805.605 kN. 
           -. Mry        =      1824.036 kN-m. 
           -. Mrz        =      4782.717 kN-m. 
           -. Mr         =      5118.739 kN-m. 
           -. Pu/Pr      =   0.382  --->  O.K ! 
           -. Muy/Mry    =   0.378  --->  O.K ! 
           -. Muz/Mrz    =   0.380  --->  O.K ! 
           -. Mu/Mr      =   0.382  --->  O.K ! 
           -. Ratio      =   0.382  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        700.68 kN. 
           -. Vuz    =       1122.90 kN. 
           -. Muy    =       1132.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =        427.11 kN. 
           -. Muz    =       1331.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1122.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1225.35 kN. 
           -. phiVcz    = phi * Vcz =     1102.82 kN. 
 
           -. Vuy       =      427.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1225.35 kN. 
           -. phiVcy    = phi * Vcy =     1102.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2116.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5923.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2116.00 kN. 
           -. phiVsz   = phi*Vsz =     1904.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2116.00 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5923.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2116.00 kN. 
           -. phiVsy   = phi*Vsy =     1904.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1201.387 kN. 
           -. Vr       =    3007.213 kN. 
           -. Ratio    = Vu / Vr = 0.400  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1334.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1334.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0068 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0068 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0068 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117206,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            701.48       495.57       385.70      1798.32      1765.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      701.48       495.57       385.70      1798.32      1765.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      385.70 kN-m. 
           -. End Moments (My2) =      495.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1507 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      495.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      495.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1765.13 kN-m. 
           -. End Moments (Mz2) =     1798.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1798.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1798.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1927.699 kN. 
           -. Mry        =      1355.180 kN-m. 
           -. Mrz        =      4943.827 kN-m. 
           -. Mr         =      5126.201 kN-m. 
           -. Pu/Pr      =   0.364  --->  O.K ! 
           -. Muy/Mry    =   0.366  --->  O.K ! 
           -. Muz/Mrz    =   0.364  --->  O.K ! 
           -. Mu/Mr      =   0.366  --->  O.K ! 
           -. Ratio      =   0.366  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        712.64 kN. 
           -. Vuz    =       1009.27 kN. 
           -. Muy    =        592.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =        386.67 kN. 
           -. Muz    =       1203.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1009.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1319.24 kN. 
           -. phiVcz    = phi * Vcz =     1187.32 kN. 
 
           -. Vuy       =      386.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1319.24 kN. 
           -. phiVcy    = phi * Vcy =     1187.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2164.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5829.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2164.61 kN. 
           -. phiVsz   = phi*Vsz =     1948.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2164.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5829.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2164.61 kN. 
           -. phiVsy   = phi*Vsy =     1948.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1080.809 kN. 
           -. Vr       =    3135.468 kN. 
           -. Ratio    = Vu / Vr = 0.345  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1200.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1200.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0053 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117207,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            713.45       385.70       495.53      1765.13      1720.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      713.45       385.70       495.53      1765.13      1720.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      385.70 kN-m. 
           -. End Moments (My2) =      495.53 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1511 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      385.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      385.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1720.53 kN-m. 
           -. End Moments (Mz2) =     1765.13 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1765.13 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1765.13 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2044.053 kN. 
           -. Mry        =      1095.831 kN-m. 
           -. Mrz        =      5016.732 kN-m. 
           -. Mr         =      5135.021 kN-m. 
           -. Pu/Pr      =   0.349  --->  O.K ! 
           -. Muy/Mry    =   0.352  --->  O.K ! 
           -. Muz/Mrz    =   0.352  --->  O.K ! 
           -. Mu/Mr      =   0.352  --->  O.K ! 
           -. Ratio      =   0.352  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        736.59 kN. 
           -. Vuz    =        895.34 kN. 
           -. Muy    =        641.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        346.24 kN. 
           -. Muz    =        987.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      895.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1372.95 kN. 
           -. phiVcz    = phi * Vcz =     1235.65 kN. 
 
           -. Vuy       =      346.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1372.95 kN. 
           -. phiVcy    = phi * Vcy =     1235.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2190.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5775.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2190.05 kN. 
           -. phiVsz   = phi*Vsz =     1971.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2190.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5775.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2190.05 kN. 
           -. phiVsy   = phi*Vsy =     1971.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     959.959 kN. 
           -. Vr       =    3206.695 kN. 
           -. Ratio    = Vu / Vr = 0.299  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1066.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1066.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117208,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            725.42       495.53       598.52      1720.53      1665.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      725.42       495.53       598.52      1720.53      1665.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      495.53 kN-m. 
           -. End Moments (My2) =      598.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      495.53 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      495.53 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1665.01 kN-m. 
           -. End Moments (Mz2) =     1720.53 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1720.53 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1720.53 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2097.201 kN. 
           -. Mry        =      1417.686 kN-m. 
           -. Mrz        =      4936.000 kN-m. 
           -. Mr         =      5135.556 kN-m. 
           -. Pu/Pr      =   0.346  --->  O.K ! 
           -. Muy/Mry    =   0.350  --->  O.K ! 
           -. Muz/Mrz    =   0.349  --->  O.K ! 
           -. Mu/Mr      =   0.350  --->  O.K ! 
           -. Ratio      =   0.350  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        748.55 kN. 
           -. Vuz    =        782.39 kN. 
           -. Muy    =        972.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =        306.44 kN. 
           -. Muz    =        902.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      782.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1361.95 kN. 
           -. phiVcz    = phi * Vcz =     1225.75 kN. 
 
           -. Vuy       =      306.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1361.95 kN. 
           -. phiVcy    = phi * Vcy =     1225.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.97 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5786.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.97 kN. 
           -. phiVsz   = phi*Vsz =     1966.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2184.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5786.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2184.97 kN. 
           -. phiVsy   = phi*Vsy =     1966.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     840.265 kN. 
           -. Vr       =    3192.220 kN. 
           -. Ratio    = Vu / Vr = 0.263  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      933.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      933.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117209,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            737.40       598.52       688.16      1665.01      1599.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      737.40       598.52       688.16      1665.01      1599.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      598.52 kN-m. 
           -. End Moments (My2) =      688.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      598.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      598.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1599.27 kN-m. 
           -. End Moments (Mz2) =     1665.01 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1665.01 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1665.01 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2144.864 kN. 
           -. Mry        =      1741.054 kN-m. 
           -. Mrz        =      4834.272 kN-m. 
           -. Mr         =      5138.234 kN-m. 
           -. Pu/Pr      =   0.344  --->  O.K ! 
           -. Muy/Mry    =   0.344  --->  O.K ! 
           -. Muz/Mrz    =   0.344  --->  O.K ! 
           -. Mu/Mr      =   0.344  --->  O.K ! 
           -. Ratio      =   0.344  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        760.52 kN. 
           -. Vuz    =        671.76 kN. 
           -. Muy    =       1256.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =        268.83 kN. 
           -. Muz    =        830.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      671.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1344.38 kN. 
           -. phiVcz    = phi * Vcz =     1209.94 kN. 
 
           -. Vuy       =      268.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1344.38 kN. 
           -. phiVcy    = phi * Vcy =     1209.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2176.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5804.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2176.72 kN. 
           -. phiVsz   = phi*Vsz =     1959.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2176.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5804.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2176.72 kN. 
           -. phiVsy   = phi*Vsy =     1959.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     723.558 kN. 
           -. Vr       =    3168.990 kN. 
           -. Ratio    = Vu / Vr = 0.228  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      803.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      803.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117210,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            749.37       688.16       763.16      1599.27      1523.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      749.37       688.16       763.16      1599.27      1523.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      688.16 kN-m. 
           -. End Moments (My2) =      763.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      688.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      688.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1523.84 kN-m. 
           -. End Moments (Mz2) =     1599.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1599.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1599.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2235.964 kN. 
           -. Mry        =      2029.706 kN-m. 
           -. Mrz        =      4728.760 kN-m. 
           -. Mr         =      5145.958 kN-m. 
           -. Pu/Pr      =   0.335  --->  O.K ! 
           -. Muy/Mry    =   0.339  --->  O.K ! 
           -. Muz/Mrz    =   0.338  --->  O.K ! 
           -. Mu/Mr      =   0.339  --->  O.K ! 
           -. Ratio      =   0.339  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        772.48 kN. 
           -. Vuz    =        564.83 kN. 
           -. Muy    =       1493.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.96 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.94 
 
           -. Vuy    =        245.11 kN. 
           -. Muz    =        768.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.94 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      564.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1326.91 kN. 
           -. phiVcz    = phi * Vcz =     1194.22 kN. 
 
           -. Vuy       =      245.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1326.91 kN. 
           -. phiVcy    = phi * Vcy =     1194.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2168.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5821.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2168.34 kN. 
           -. phiVsz   = phi*Vsz =     1951.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2168.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5821.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2168.34 kN. 
           -. phiVsy   = phi*Vsy =     1951.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     615.721 kN. 
           -. Vr       =    3145.728 kN. 
           -. Ratio    = Vu / Vr = 0.196  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      684.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      684.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0053 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117211,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            784.44      1493.17      1687.30       768.52       712.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      784.44      1493.17      1687.30       768.52       712.16 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1493.17 kN-m. 
           -. End Moments (My2) =     1687.30 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1687.30 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1687.30 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      712.16 kN-m. 
           -. End Moments (Mz2) =      768.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      712.16 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      712.16 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2183.164 kN. 
           -. Mry        =      4738.234 kN-m. 
           -. Mrz        =      2002.965 kN-m. 
           -. Mr         =      5144.194 kN-m. 
           -. Pu/Pr      =   0.359  --->  O.K ! 
           -. Muy/Mry    =   0.356  --->  O.K ! 
           -. Muz/Mrz    =   0.356  --->  O.K ! 
           -. Mu/Mr      =   0.359  --->  O.K ! 
           -. Ratio      =   0.359  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        784.44 kN. 
           -. Vuz    =        462.98 kN. 
           -. Muy    =       1687.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
 
           -. Vuy    =        229.18 kN. 
           -. Muz    =        712.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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------------------------------------------------------------------------------------------ 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      462.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1312.58 kN. 
           -. phiVcz    = phi * Vcz =     1181.32 kN. 
 
           -. Vuy       =      229.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1312.58 kN. 
           -. phiVcy    = phi * Vcy =     1181.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2161.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5835.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2161.34 kN. 
           -. phiVsz   = phi*Vsz =     1945.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2161.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5835.91 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2161.34 kN. 
           -. phiVsy   = phi*Vsy =     1945.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     516.595 kN. 
           -. Vr       =    3126.523 kN. 
           -. Ratio    = Vu / Vr = 0.165  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      573.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      573.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0055 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0055 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0055 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117212,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1701.86     -1697.88     -1876.16      -672.08      -702.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1701.86     -1697.88     -1876.16      -672.08      -702.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1697.88 kN-m. 
           -. End Moments (My2) =     1876.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1876.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1876.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      672.08 kN-m. 
           -. End Moments (Mz2) =      702.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -702.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -702.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1532 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4472.647 kN. 
           -. Mry        =      4894.666 kN-m. 
           -. Mrz        =      1840.473 kN-m. 
           -. Mr         =      5229.254 kN-m. 
           -. Pu/Pr      =   0.381  --->  O.K ! 
           -. Muy/Mry    =   0.383  --->  O.K ! 
           -. Muz/Mrz    =   0.382  --->  O.K ! 
           -. Mu/Mr      =   0.383  --->  O.K ! 
           -. Ratio      =   0.383  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        796.41 kN. 
           -. Vuz    =        367.57 kN. 
           -. Muy    =       1846.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        213.68 kN. 
           -. Muz    =        664.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      367.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1301.39 kN. 
           -. phiVcz    = phi * Vcz =     1171.25 kN. 
 
           -. Vuy       =      213.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1301.39 kN. 
           -. phiVcy    = phi * Vcy =     1171.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2155.79 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5847.09 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2155.79 kN. 
           -. phiVsz   = phi*Vsz =     1940.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2155.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5847.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2155.79 kN. 
           -. phiVsy   = phi*Vsy =     1940.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     425.163 kN. 
           -. Vr       =    3111.465 kN. 
           -. Ratio    = Vu / Vr = 0.137  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      472.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      472.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0057 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0057 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0057 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117213,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1718.54     -1876.16     -2010.87      -702.59      -735.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1718.54     -1876.16     -2010.87      -702.59      -735.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1876.16 kN-m. 
           -. End Moments (My2) =     2010.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2010.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2010.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      702.59 kN-m. 
           -. End Moments (Mz2) =      735.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -735.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -735.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4234.341 kN. 
           -. Mry        =      4911.079 kN-m. 
           -. Mrz        =      1797.141 kN-m. 
           -. Mr         =      5229.571 kN-m. 
           -. Pu/Pr      =   0.406  --->  O.K ! 
           -. Muy/Mry    =   0.409  --->  O.K ! 
           -. Muz/Mrz    =   0.409  --->  O.K ! 
           -. Mu/Mr      =   0.409  --->  O.K ! 
           -. Ratio      =   0.409  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        808.37 kN. 
           -. Vuz    =        279.86 kN. 
           -. Muy    =       1963.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =        198.44 kN. 
           -. Muz    =        629.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      279.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1294.77 kN. 
           -. phiVcz    = phi * Vcz =     1165.29 kN. 
 
           -. Vuy       =      198.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1294.77 kN. 
           -. phiVcy    = phi * Vcy =     1165.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2152.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5853.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2152.47 kN. 
           -. phiVsz   = phi*Vsz =     1937.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2152.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5853.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2152.47 kN. 
           -. phiVsy   = phi*Vsy =     1937.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.074 kN. 
           -. Vr       =    3102.520 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      381.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      381.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0058 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0058 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0058 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117214,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1735.23     -2010.87     -2087.61      -735.42      -758.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1735.23     -2010.87     -2087.61      -735.42      -758.81 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2010.87 kN-m. 
           -. End Moments (My2) =     2087.61 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2087.61 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2087.61 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      735.42 kN-m. 
           -. End Moments (Mz2) =      758.81 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -758.81 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -758.81 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4101.227 kN. 
           -. Mry        =      4911.060 kN-m. 
           -. Mrz        =      1787.466 kN-m. 
           -. Mr         =      5226.237 kN-m. 
           -. Pu/Pr      =   0.423  --->  O.K ! 
           -. Muy/Mry    =   0.425  --->  O.K ! 
           -. Muz/Mrz    =   0.425  --->  O.K ! 
           -. Mu/Mr      =   0.425  --->  O.K ! 
           -. Ratio      =   0.425  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        797.28 kN. 
           -. Vuz    =         96.85 kN. 
           -. Muy    =        917.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.13 
 
           -. Vuy    =        237.43 kN. 
           -. Muz    =       1269.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.13 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1416.08 kN. 
           -. phiVcz    = phi * Vcz =     1274.47 kN. 
 
           -. Vuy       =      237.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1416.08 kN. 
           -. phiVcy    = phi * Vcy =     1274.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2209.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5732.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2209.36 kN. 
           -. phiVsz   = phi*Vsz =     1988.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2209.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5732.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2209.36 kN. 
           -. phiVsy   = phi*Vsy =     1988.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     256.423 kN. 
           -. Vr       =    3262.901 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      284.91 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      284.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117215,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1751.91     -2087.61     -2098.08      -758.81      -760.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1751.91     -2087.61     -2098.08      -758.81      -760.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2087.61 kN-m. 
           -. End Moments (My2) =     2098.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2098.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2098.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      758.81 kN-m. 
           -. End Moments (Mz2) =      760.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -760.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -760.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4101.097 kN. 
           -. Mry        =      4912.537 kN-m. 
           -. Mrz        =      1783.400 kN-m. 
           -. Mr         =      5226.235 kN-m. 
           -. Pu/Pr      =   0.427  --->  O.K ! 
           -. Muy/Mry    =   0.427  --->  O.K ! 
           -. Muz/Mrz    =   0.427  --->  O.K ! 
           -. Mu/Mr      =   0.427  --->  O.K ! 
           -. Ratio      =   0.427  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        809.26 kN. 
           -. Vuz    =         53.97 kN. 
           -. Muy    =        932.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.17 
 
           -. Vuy    =        243.13 kN. 
           -. Muz    =       1182.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.17 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       53.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1430.42 kN. 
           -. phiVcz    = phi * Vcz =     1287.37 kN. 
 
           -. Vuy       =      243.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1430.42 kN. 
           -. phiVcy    = phi * Vcy =     1287.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2215.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5718.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2215.58 kN. 
           -. phiVsz   = phi*Vsz =     1994.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2215.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5718.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2215.58 kN. 
           -. phiVsy   = phi*Vsy =     1994.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     249.052 kN. 
           -. Vr       =    3281.394 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      276.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      276.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117216,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1751.93     -2098.08     -2052.28      -760.62      -743.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1751.93     -2098.08     -2052.28      -760.62      -743.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2052.28 kN-m. 
           -. End Moments (My2) =     2098.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1547 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2098.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2098.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      743.46 kN-m. 
           -. End Moments (Mz2) =      760.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -760.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -760.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4101.097 kN. 
           -. Mry        =      4912.537 kN-m. 
           -. Mrz        =      1783.400 kN-m. 
           -. Mr         =      5226.235 kN-m. 
           -. Pu/Pr      =   0.427  --->  O.K ! 
           -. Muy/Mry    =   0.427  --->  O.K ! 
           -. Muz/Mrz    =   0.427  --->  O.K ! 
           -. Mu/Mr      =   0.427  --->  O.K ! 
           -. Ratio      =   0.427  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        821.24 kN. 
           -. Vuz    =         77.71 kN. 
           -. Muy    =        922.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.20 
 
           -. Vuy    =        244.18 kN. 
           -. Muz    =       1082.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.20 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       77.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1447.52 kN. 
           -. phiVcz    = phi * Vcz =     1302.77 kN. 
 
           -. Vuy       =      244.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1447.52 kN. 
           -. phiVcy    = phi * Vcy =     1302.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2222.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5700.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2222.86 kN. 
           -. phiVsz   = phi*Vsz =     2000.58 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2222.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5700.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2222.86 kN. 
           -. phiVsy   = phi*Vsy =     2000.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     256.248 kN. 
           -. Vr       =    3303.344 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      284.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      284.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117217,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1768.61     -2052.28     -1960.74      -743.46      -710.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1768.61     -2052.28     -1960.74      -743.46      -710.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1960.74 kN-m. 
           -. End Moments (My2) =     2052.28 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2052.28 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2052.28 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      710.52 kN-m. 
           -. End Moments (Mz2) =      743.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -743.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -743.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4235.575 kN. 
           -. Mry        =      4916.292 kN-m. 
           -. Mrz        =      1781.699 kN-m. 
           -. Mr         =      5229.185 kN-m. 
           -. Pu/Pr      =   0.418  --->  O.K ! 
           -. Muy/Mry    =   0.417  --->  O.K ! 
           -. Muz/Mrz    =   0.417  --->  O.K ! 
           -. Mu/Mr      =   0.418  --->  O.K ! 
           -. Ratio      =   0.418  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        833.22 kN. 
           -. Vuz    =        105.04 kN. 
           -. Muy    =        891.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.22 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.25 
 
           -. Vuy    =        240.80 kN. 
           -. Muz    =        974.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      105.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1469.70 kN. 
           -. phiVcz    = phi * Vcz =     1322.73 kN. 
 
           -. Vuy       =      240.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1469.70 kN. 
           -. phiVcy    = phi * Vcy =     1322.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2232.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5678.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2232.11 kN. 
           -. phiVsz   = phi*Vsz =     2008.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2232.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5678.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2232.11 kN. 
           -. phiVsy   = phi*Vsy =     2008.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     262.714 kN. 
           -. Vr       =    3331.624 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      291.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      291.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117218,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1785.28     -1960.74     -1833.94      -710.52      -665.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1785.28     -1960.74     -1833.94      -710.52      -665.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1833.94 kN-m. 
           -. End Moments (My2) =     1960.74 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1960.74 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1960.74 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      665.22 kN-m. 
           -. End Moments (Mz2) =      710.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -710.52 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -710.52 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4477.052 kN. 
           -. Mry        =      4912.895 kN-m. 
           -. Mrz        =      1787.177 kN-m. 
           -. Mr         =      5227.862 kN-m. 
           -. Pu/Pr      =   0.399  --->  O.K ! 
           -. Muy/Mry    =   0.399  --->  O.K ! 
           -. Muz/Mrz    =   0.398  --->  O.K ! 
           -. Mu/Mr      =   0.399  --->  O.K ! 
           -. Ratio      =   0.399  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1785.28 kN. 
           -. Vuz    =        255.08 kN. 
           -. Muy    =      -1960.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        104.43 kN. 
           -. Muz    =       -710.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      255.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1266.68 kN. 
           -. phiVcz    = phi * Vcz =     1140.01 kN. 
 
           -. Vuy       =      104.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1224.25 kN. 
           -. phiVcy    = phi * Vcy =     1101.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2138.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5881.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2138.09 kN. 
           -. phiVsz   = phi*Vsz =     1924.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2115.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5924.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2115.39 kN. 
           -. phiVsy   = phi*Vsy =     1903.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     275.630 kN. 
           -. Vr       =    3005.682 kN. 
           -. Ratio    = Vu / Vr = 0.092  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      306.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      306.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117219,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1801.96     -1833.94     -1682.03      -665.22      -611.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1801.96     -1833.94     -1682.03      -665.22      -611.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1682.03 kN-m. 
           -. End Moments (My2) =     1833.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1559 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1833.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1833.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      611.02 kN-m. 
           -. End Moments (Mz2) =      665.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -665.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -665.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4862.935 kN. 
           -. Mry        =      4912.331 kN-m. 
           -. Mrz        =      1788.247 kN-m. 
           -. Mr         =      5227.698 kN-m. 
           -. Pu/Pr      =   0.371  --->  O.K ! 
           -. Muy/Mry    =   0.373  --->  O.K ! 
           -. Muz/Mrz    =   0.372  --->  O.K ! 
           -. Mu/Mr      =   0.373  --->  O.K ! 
           -. Ratio      =   0.373  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1801.96 kN. 
           -. Vuz    =        304.49 kN. 
           -. Muy    =      -1833.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        114.35 kN. 
           -. Muz    =       -665.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      304.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1281.24 kN. 
           -. phiVcz    = phi * Vcz =     1153.12 kN. 
 
           -. Vuy       =      114.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1239.00 kN. 
           -. phiVcy    = phi * Vcy =     1115.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5867.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.61 kN. 
           -. phiVsz   = phi*Vsz =     1931.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.42 kN. 
           -. phiVsy   = phi*Vsy =     1911.08 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     325.250 kN. 
           -. Vr       =    3026.172 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      361.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      361.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117220,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1818.63     -1682.03     -1514.65      -611.02      -551.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1818.63     -1682.03     -1514.65      -611.02      -551.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1514.65 kN-m. 
           -. End Moments (My2) =     1682.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1682.03 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1682.03 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      551.24 kN-m. 
           -. End Moments (Mz2) =      611.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -611.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -611.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      5317.522 kN. 
           -. Mry        =      4903.759 kN-m. 
           -. Mrz        =      1778.629 kN-m. 
           -. Mr         =      5216.356 kN-m. 
           -. Pu/Pr      =   0.342  --->  O.K ! 
           -. Muy/Mry    =   0.343  --->  O.K ! 
           -. Muz/Mrz    =   0.344  --->  O.K ! 
           -. Mu/Mr      =   0.344  --->  O.K ! 
           -. Ratio      =   0.344  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1818.63 kN. 
           -. Vuz    =        335.28 kN. 
           -. Muy    =      -1682.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        122.58 kN. 
           -. Muz    =       -611.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      335.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1303.69 kN. 
           -. phiVcz    = phi * Vcz =     1173.32 kN. 
 
           -. Vuy       =      122.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1261.75 kN. 
           -. phiVcy    = phi * Vcy =     1135.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5844.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.94 kN. 
           -. phiVsz   = phi*Vsz =     1941.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2135.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5886.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2135.51 kN. 
           -. phiVsy   = phi*Vsy =     1921.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     356.989 kN. 
           -. Vr       =    3057.540 kN. 
           -. Ratio    = Vu / Vr = 0.117  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      396.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      396.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117221,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1835.31     -1514.65     -1340.57      -551.24      -488.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1835.31     -1514.65     -1340.57      -551.24      -488.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1340.57 kN-m. 
           -. End Moments (My2) =     1514.65 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1514.65 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1514.65 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      488.95 kN-m. 
           -. End Moments (Mz2) =      551.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -551.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -551.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      5981.673 kN. 
           -. Mry        =      4888.614 kN-m. 
           -. Mrz        =      1778.450 kN-m. 
           -. Mr         =      5202.060 kN-m. 
           -. Pu/Pr      =   0.307  --->  O.K ! 
           -. Muy/Mry    =   0.310  --->  O.K ! 
           -. Muz/Mrz    =   0.310  --->  O.K ! 
           -. Mu/Mr      =   0.310  --->  O.K ! 
           -. Ratio      =   0.310  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1835.31 kN. 
           -. Vuz    =        348.57 kN. 
           -. Muy    =      -1514.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        126.65 kN. 
           -. Muz    =       -551.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      348.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1332.91 kN. 
           -. phiVcz    = phi * Vcz =     1199.62 kN. 
 
           -. Vuy       =      126.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1291.44 kN. 
           -. phiVcy    = phi * Vcy =     1162.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2171.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5815.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2171.24 kN. 
           -. phiVsz   = phi*Vsz =     1954.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2150.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5857.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2150.79 kN. 
           -. phiVsy   = phi*Vsy =     1935.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     370.863 kN. 
           -. Vr       =    3098.013 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      412.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      412.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117222,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1851.98     -1340.57     -1167.59      -488.95      -426.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1851.98     -1340.57     -1167.59      -488.95      -426.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1167.59 kN-m. 
           -. End Moments (My2) =     1340.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1340.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1340.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      426.90 kN-m. 
           -. End Moments (Mz2) =      488.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -488.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -488.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6655.684 kN. 
           -. Mry        =      4855.091 kN-m. 
           -. Mrz        =      1767.155 kN-m. 
           -. Mr         =      5166.696 kN-m. 
           -. Pu/Pr      =   0.278  --->  O.K ! 
           -. Muy/Mry    =   0.276  --->  O.K ! 
           -. Muz/Mrz    =   0.277  --->  O.K ! 
           -. Mu/Mr      =   0.278  --->  O.K ! 
           -. Ratio      =   0.278  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1851.98 kN. 
           -. Vuz    =        346.28 kN. 
           -. Muy    =      -1340.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.03 
 
           -. Vuy    =        125.54 kN. 
           -. Muz    =       -488.95 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.94 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      346.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1367.70 kN. 
           -. phiVcz    = phi * Vcz =     1230.93 kN. 
 
           -. Vuy       =      125.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1326.87 kN. 
           -. phiVcy    = phi * Vcy =     1194.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2187.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5780.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2187.63 kN. 
           -. phiVsz   = phi*Vsz =     1968.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2168.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5821.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2168.32 kN. 
           -. phiVsy   = phi*Vsy =     1951.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     368.331 kN. 
           -. Vr       =    3145.669 kN. 
           -. Ratio    = Vu / Vr = 0.117  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      409.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      409.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117223,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1868.65     -1167.59     -1002.42      -426.90      -367.47 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1868.65     -1167.59     -1002.42      -426.90      -367.47 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1002.42 kN-m. 
           -. End Moments (My2) =     1167.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1575 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1167.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1167.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      367.47 kN-m. 
           -. End Moments (Mz2) =      426.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -426.90 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -426.90 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7656.048 kN. 
           -. Mry        =      4783.745 kN-m. 
           -. Mrz        =      1745.791 kN-m. 
           -. Mr         =      5092.348 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.244  --->  O.K ! 
           -. Muz/Mrz    =   0.245  --->  O.K ! 
           -. Mu/Mr      =   0.245  --->  O.K ! 
           -. Ratio      =   0.245  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1868.65 kN. 
           -. Vuz    =        330.56 kN. 
           -. Muy    =      -1167.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.11 
 
           -. Vuy    =        119.84 kN. 
           -. Muz    =       -426.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.03 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      330.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1406.69 kN. 
           -. phiVcz    = phi * Vcz =     1266.02 kN. 
 
           -. Vuy       =      119.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1366.68 kN. 
           -. phiVcy    = phi * Vcy =     1230.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2205.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5741.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2205.24 kN. 
           -. phiVsz   = phi*Vsz =     1984.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2187.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5781.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2187.16 kN. 
           -. phiVsy   = phi*Vsy =     1968.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     351.615 kN. 
           -. Vr       =    3198.451 kN. 
           -. Ratio    = Vu / Vr = 0.110  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      390.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      390.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117224,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1885.32     -1002.42      -849.98      -367.47      -312.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1885.32     -1002.42      -849.98      -367.47      -312.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      849.98 kN-m. 
           -. End Moments (My2) =     1002.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1002.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1002.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      312.42 kN-m. 
           -. End Moments (Mz2) =      367.47 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -367.47 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -367.47 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8732.853 kN. 
           -. Mry        =      4633.650 kN-m. 
           -. Mrz        =      1708.713 kN-m. 
           -. Mr         =      4938.665 kN-m. 
           -. Pu/Pr      =   0.216  --->  O.K ! 
           -. Muy/Mry    =   0.216  --->  O.K ! 
           -. Muz/Mrz    =   0.215  --->  O.K ! 
           -. Mu/Mr      =   0.216  --->  O.K ! 
           -. Ratio      =   0.216  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1885.32 kN. 
           -. Vuz    =        305.02 kN. 
           -. Muy    =      -1002.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.21 
 
           -. Vuy    =        110.74 kN. 
           -. Muz    =       -367.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.12 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      305.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1448.13 kN. 
           -. phiVcz    = phi * Vcz =     1303.32 kN. 
 
           -. Vuy       =      110.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1409.12 kN. 
           -. phiVcy    = phi * Vcy =     1268.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2223.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5700.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2223.12 kN. 
           -. phiVsz   = phi*Vsz =     2000.81 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2206.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5739.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2206.31 kN. 
           -. phiVsy   = phi*Vsy =     1985.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     324.503 kN. 
           -. Vr       =    3253.884 kN. 
           -. Ratio    = Vu / Vr = 0.100  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      360.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      360.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117225,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1901.99      -849.98      -709.54      -312.42      -261.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1901.99      -849.98      -709.54      -312.42      -261.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      709.54 kN-m. 
           -. End Moments (My2) =      849.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -849.98 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -849.98 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      261.58 kN-m. 
           -. End Moments (Mz2) =      312.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -312.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -312.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10126.209 kN. 
           -. Mry        =      4522.081 kN-m. 
           -. Mrz        =      1659.858 kN-m. 
           -. Mr         =      4817.089 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.188  --->  O.K ! 
           -. Muz/Mrz    =   0.188  --->  O.K ! 
           -. Mu/Mr      =   0.188  --->  O.K ! 
           -. Ratio      =   0.188  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1901.99 kN. 
           -. Vuz    =        281.00 kN. 
           -. Muy    =       -849.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.29 
 
           -. Vuy    =        102.19 kN. 
           -. Muz    =       -312.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.21 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      281.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1488.58 kN. 
           -. phiVcz    = phi * Vcz =     1339.72 kN. 
 
           -. Vuy       =      102.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1450.67 kN. 
           -. phiVcy    = phi * Vcy =     1305.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2239.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5659.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2239.81 kN. 
           -. phiVsz   = phi*Vsz =     2015.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2224.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5697.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2224.19 kN. 
           -. phiVsy   = phi*Vsy =     2001.77 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     299.009 kN. 
           -. Vr       =    3307.381 kN. 
           -. Ratio    = Vu / Vr = 0.090  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      332.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      332.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117226,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1918.66      -709.54      -582.91      -261.58      -215.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1918.66      -709.54      -582.91      -261.58      -215.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      582.91 kN-m. 
           -. End Moments (My2) =      709.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -709.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -709.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      215.60 kN-m. 
           -. End Moments (Mz2) =      261.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -261.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -261.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11832.266 kN. 
           -. Mry        =      4372.160 kN-m. 
           -. Mrz        =      1609.086 kN-m. 
           -. Mr         =      4658.856 kN-m. 
           -. Pu/Pr      =   0.162  --->  O.K ! 
           -. Muy/Mry    =   0.162  --->  O.K ! 
           -. Muz/Mrz    =   0.163  --->  O.K ! 
           -. Mu/Mr      =   0.163  --->  O.K ! 
           -. Ratio      =   0.163  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1918.66 kN. 
           -. Vuz    =        253.35 kN. 
           -. Muy    =       -709.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.38 
 
           -. Vuy    =         92.33 kN. 
           -. Muz    =       -261.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.30 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      253.35 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1529.03 kN. 
           -. phiVcz    = phi * Vcz =     1376.13 kN. 
 
           -. Vuy       =       92.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1492.36 kN. 
           -. phiVcy    = phi * Vcy =     1343.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2255.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5619.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2255.78 kN. 
           -. phiVsz   = phi*Vsz =     2030.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2241.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5656.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2241.33 kN. 
           -. phiVsy   = phi*Vsy =     2017.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     269.648 kN. 
           -. Vr       =    3360.316 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      299.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      299.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117227,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1935.32      -582.91      -471.15      -215.60      -174.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1935.32      -582.91      -471.15      -215.60      -174.91 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      471.15 kN-m. 
           -. End Moments (My2) =      582.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -582.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -582.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      174.91 kN-m. 
           -. End Moments (Mz2) =      215.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -215.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -215.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13930.826 kN. 
           -. Mry        =      4151.508 kN-m. 
           -. Mrz        =      1545.090 kN-m. 
           -. Mr         =      4429.709 kN-m. 
           -. Pu/Pr      =   0.139  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1935.32 kN. 
           -. Vuz    =        223.57 kN. 
           -. Muy    =       -582.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.47 
 
           -. Vuy    =         81.71 kN. 
           -. Muz    =       -215.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      223.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1568.43 kN. 
           -. phiVcz    = phi * Vcz =     1411.58 kN. 
 
           -. Vuy       =       81.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1533.07 kN. 
           -. phiVcy    = phi * Vcy =     1379.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2270.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5580.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2270.69 kN. 
           -. phiVsz   = phi*Vsz =     2043.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2257.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5615.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2257.33 kN. 
           -. phiVsy   = phi*Vsy =     2031.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     238.038 kN. 
           -. Vr       =    3411.361 kN. 
           -. Ratio    = Vu / Vr = 0.070  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      264.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      264.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117228,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1951.99      -471.15      -373.77      -174.91      -139.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1951.99      -471.15      -373.77      -174.91      -139.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      373.77 kN-m. 
           -. End Moments (My2) =      471.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -471.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -471.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      139.34 kN-m. 
           -. End Moments (Mz2) =      174.91 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -174.91 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -174.91 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16048.781 kN. 
           -. Mry        =      3880.429 kN-m. 
           -. Mrz        =      1439.245 kN-m. 
           -. Mr         =      4138.739 kN-m. 
           -. Pu/Pr      =   0.122  --->  O.K ! 
           -. Muy/Mry    =   0.121  --->  O.K ! 
           -. Muz/Mrz    =   0.122  --->  O.K ! 
           -. Mu/Mr      =   0.122  --->  O.K ! 
           -. Ratio      =   0.122  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1951.99 kN. 
           -. Vuz    =        194.81 kN. 
           -. Muy    =       -471.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =         71.44 kN. 
           -. Muz    =       -174.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      194.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1605.32 kN. 
           -. phiVcz    = phi * Vcz =     1444.79 kN. 
 
           -. Vuy       =       71.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1571.31 kN. 
           -. phiVcy    = phi * Vcy =     1414.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2284.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5543.17 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2284.11 kN. 
           -. phiVsz   = phi*Vsz =     2055.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2271.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5577.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2271.75 kN. 
           -. phiVsy   = phi*Vsy =     2044.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     207.495 kN. 
           -. Vr       =    3458.754 kN. 
           -. Ratio    = Vu / Vr = 0.060  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      230.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      230.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117229,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1968.66      -373.77      -285.99      -139.34      -107.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1968.66      -373.77      -285.99      -139.34      -107.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      285.99 kN-m. 
           -. End Moments (My2) =      373.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -373.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -373.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      107.17 kN-m. 
           -. End Moments (Mz2) =      139.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -139.34 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -139.34 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18345.733 kN. 
           -. Mry        =      3511.806 kN-m. 
           -. Mrz        =      1307.001 kN-m. 
           -. Mr         =      3747.137 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1968.66 kN. 
           -. Vuz    =        175.62 kN. 
           -. Muy    =       -373.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.62 
 
           -. Vuy    =         64.57 kN. 
           -. Muz    =       -139.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.55 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      175.62 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1637.13 kN. 
           -. phiVcz    = phi * Vcz =     1473.41 kN. 
 
           -. Vuy       =       64.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1604.36 kN. 
           -. phiVcy    = phi * Vcy =     1443.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2295.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5511.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2295.28 kN. 
           -. phiVsz   = phi*Vsz =     2065.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2283.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5544.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2283.77 kN. 
           -. phiVsy   = phi*Vsy =     2055.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     187.112 kN. 
           -. Vr       =    3499.316 kN. 
           -. Ratio    = Vu / Vr = 0.053  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      207.90 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      207.90 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117230,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2585.36       -55.13       -40.66       -63.63       -48.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2585.36       -55.13       -40.66       -63.63       -48.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       40.66 kN-m. 
           -. End Moments (My2) =       55.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -40.66 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -40.66 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       48.87 kN-m. 
           -. End Moments (Mz2) =       63.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -48.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -48.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       383.894 kN-m. 
           -. Mrz        =       461.240 kN-m. 
           -. Mr         =       600.098 kN-m. 
           -. Pu/Pr      =   0.106  --->  O.K ! 
           -. Muy/Mry    =   0.106  --->  O.K ! 
           -. Muz/Mrz    =   0.106  --->  O.K ! 
           -. Mu/Mr      =   0.106  --->  O.K ! 
           -. Ratio      =   0.106  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       1985.32 kN. 
           -. Vuz    =        157.56 kN. 
           -. Muy    =       -285.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.69 
 
           -. Vuy    =         58.09 kN. 
           -. Muz    =       -107.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      157.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1666.91 kN. 
           -. phiVcz    = phi * Vcz =     1500.22 kN. 
 
           -. Vuy       =       58.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1635.38 kN. 
           -. phiVcy    = phi * Vcy =     1471.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2305.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5481.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2305.43 kN. 
           -. phiVsz   = phi*Vsz =     2074.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2294.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5513.11 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2294.68 kN. 
           -. phiVsy   = phi*Vsy =     2065.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     167.928 kN. 
           -. Vr       =    3537.054 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      186.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      186.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117231,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2602.01       -40.66       -27.58       -48.87       -35.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2602.01       -40.66       -27.58       -48.87       -35.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       27.58 kN-m. 
           -. End Moments (My2) =       40.66 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -27.58 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -27.58 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       35.29 kN-m. 
           -. End Moments (Mz2) =       48.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -35.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -35.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1608 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       258.432 kN-m. 
           -. Mrz        =       331.146 kN-m. 
           -. Mr         =       420.053 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.107  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2001.98 kN. 
           -. Vuz    =        141.10 kN. 
           -. Muy    =       -207.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.75 
 
           -. Vuy    =         52.16 kN. 
           -. Muz    =        -78.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1694.42 kN. 
           -. phiVcz    = phi * Vcz =     1524.98 kN. 
 
           -. Vuy       =       52.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1664.10 kN. 
           -. phiVcy    = phi * Vcy =     1497.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2314.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5454.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2314.55 kN. 
           -. phiVsz   = phi*Vsz =     2083.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2304.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5484.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2304.49 kN. 
           -. phiVsy   = phi*Vsy =     2074.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     150.431 kN. 
           -. Vr       =    3571.726 kN. 
           -. Ratio    = Vu / Vr = 0.042  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      167.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      167.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117232,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2618.67       -27.58       -16.91       -35.29       -23.71 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2618.67       -27.58       -16.91       -35.29       -23.71 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       16.91 kN-m. 
           -. End Moments (My2) =       27.58 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -16.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -16.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       23.71 kN-m. 
           -. End Moments (Mz2) =       35.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -23.71 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -23.71 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       157.686 kN-m. 
           -. Mrz        =       220.856 kN-m. 
           -. Mr         =       271.371 kN-m. 
           -. Pu/Pr      =   0.107  --->  O.K ! 
           -. Muy/Mry    =   0.107  --->  O.K ! 
           -. Muz/Mrz    =   0.107  --->  O.K ! 
           -. Mu/Mr      =   0.107  --->  O.K ! 
           -. Ratio      =   0.107  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2018.65 kN. 
           -. Vuz    =        112.75 kN. 
           -. Muy    =       -136.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.81 
 
           -. Vuy    =         41.96 kN. 
           -. Muz    =        -52.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1723.52 kN. 
           -. phiVcz    = phi * Vcz =     1551.17 kN. 
 
           -. Vuy       =       41.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1694.54 kN. 
           -. phiVcy    = phi * Vcy =     1525.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2323.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5424.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2323.93 kN. 
           -. phiVsz   = phi*Vsz =     2091.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2314.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5453.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2314.59 kN. 
           -. phiVsy   = phi*Vsy =     2083.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     120.309 kN. 
           -. Vr       =    3608.217 kN. 
           -. Ratio    = Vu / Vr = 0.033  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      133.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      133.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117233,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2635.33       -16.91        -9.36       -23.71       -14.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2635.33       -16.91        -9.36       -23.71       -14.79 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        9.36 kN-m. 
           -. End Moments (My2) =       16.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -9.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -9.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       14.79 kN-m. 
           -. End Moments (Mz2) =       23.71 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -14.79 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -14.79 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        86.697 kN-m. 
           -. Mrz        =       136.980 kN-m. 
           -. Mr         =       162.111 kN-m. 
           -. Pu/Pr      =   0.108  --->  O.K ! 
           -. Muy/Mry    =   0.108  --->  O.K ! 
           -. Muz/Mrz    =   0.108  --->  O.K ! 
           -. Mu/Mr      =   0.108  --->  O.K ! 
           -. Ratio      =   0.108  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2035.31 kN. 
           -. Vuz    =         76.93 kN. 
           -. Muy    =        -80.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.88 
 
           -. Vuy    =         29.07 kN. 
           -. Muz    =        -31.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       76.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1750.96 kN. 
           -. phiVcz    = phi * Vcz =     1575.86 kN. 
 
           -. Vuy       =       29.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1723.30 kN. 
           -. phiVcy    = phi * Vcy =     1550.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2332.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5397.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2332.53 kN. 
           -. phiVsz   = phi*Vsz =     2099.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2323.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5425.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2323.86 kN. 
           -. phiVsy   = phi*Vsy =     2091.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      82.236 kN. 
           -. Vr       =    3642.445 kN. 
           -. Ratio    = Vu / Vr = 0.023  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       91.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       91.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117234,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2651.98        -9.36        -4.42       -14.79        -8.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2651.98        -9.36        -4.42       -14.79        -8.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.42 kN-m. 
           -. End Moments (My2) =        9.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.29 kN-m. 
           -. End Moments (Mz2) =       14.79 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        40.623 kN-m. 
           -. Mrz        =        76.343 kN-m. 
           -. Mr         =        86.478 kN-m. 
           -. Pu/Pr      =   0.109  --->  O.K ! 
           -. Muy/Mry    =   0.109  --->  O.K ! 
           -. Muz/Mrz    =   0.109  --->  O.K ! 
           -. Mu/Mr      =   0.109  --->  O.K ! 
           -. Ratio      =   0.109  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2068.62 kN. 
           -. Vuz    =         47.76 kN. 
           -. Muy    =        -18.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.92 
 
           -. Vuy    =         18.57 kN. 
           -. Muz    =        -10.85 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       47.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1768.87 kN. 
           -. phiVcz    = phi * Vcz =     1591.98 kN. 
 
           -. Vuy       =       18.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1742.11 kN. 
           -. phiVcy    = phi * Vcy =     1567.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2338.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5379.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2338.03 kN. 
           -. phiVsz   = phi*Vsz =     2104.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2329.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5406.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2329.78 kN. 
           -. phiVsy   = phi*Vsy =     2096.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      51.242 kN. 
           -. Vr       =    3664.704 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       56.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       56.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117235,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2668.64        -4.42        -1.56        -8.29        -3.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2668.64        -4.42        -1.56        -8.29        -3.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.56 kN-m. 
           -. End Moments (My2) =        4.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.56 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.56 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.70 kN-m. 
           -. End Moments (Mz2) =        8.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        14.271 kN-m. 
           -. Mrz        =        33.851 kN-m. 
           -. Mr         =        36.736 kN-m. 
           -. Pu/Pr      =   0.109  --->  O.K ! 
           -. Muy/Mry    =   0.110  --->  O.K ! 
           -. Muz/Mrz    =   0.109  --->  O.K ! 
           -. Mu/Mr      =   0.110  --->  O.K ! 
           -. Ratio      =   0.110  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2085.28 kN. 
           -. Vuz    =         25.39 kN. 
           -. Muy    =         -5.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.94 
 
           -. Vuy    =         12.01 kN. 
           -. Muz    =         -4.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1779.83 kN. 
           -. phiVcz    = phi * Vcz =     1601.84 kN. 
 
           -. Vuy       =       12.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1753.63 kN. 
           -. phiVcy    = phi * Vcy =     1578.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2341.35 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5368.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2341.35 kN. 
           -. phiVsz   = phi*Vsz =     2107.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2333.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5394.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2333.36 kN. 
           -. phiVsy   = phi*Vsy =     2100.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      28.092 kN. 
           -. Vr       =    3678.290 kN. 
           -. Ratio    = Vu / Vr = 0.008  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       31.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       31.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117236,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2685.29        -1.56        -0.28        -3.70        -0.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2685.29        -1.56        -0.28        -3.70        -0.93 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.28 kN-m. 
           -. End Moments (My2) =        1.56 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.28 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.28 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.93 kN-m. 
           -. End Moments (Mz2) =        3.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.93 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.93 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.525 kN-m. 
           -. Mrz        =         8.455 kN-m. 
           -. Mr         =         8.824 kN-m. 
           -. Pu/Pr      =   0.110  --->  O.K ! 
           -. Muy/Mry    =   0.110  --->  O.K ! 
           -. Muz/Mrz    =   0.110  --->  O.K ! 
           -. Mu/Mr      =   0.110  --->  O.K ! 
           -. Ratio      =   0.110  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2101.94 kN. 
           -. Vuz    =          9.89 kN. 
           -. Muy    =         -0.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.00 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.95 
 
           -. Vuy    =          7.28 kN. 
           -. Muz    =         -1.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        9.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1786.62 kN. 
           -. phiVcz    = phi * Vcz =     1607.96 kN. 
 
           -. Vuy       =        7.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1760.77 kN. 
           -. phiVcy    = phi * Vcy =     1584.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2343.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5361.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2343.39 kN. 
           -. phiVsz   = phi*Vsz =     2109.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2335.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5387.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2335.56 kN. 
           -. phiVsy   = phi*Vsy =     2102.00 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      12.278 kN. 
           -. Vr       =    3686.698 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       13.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       13.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117237,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2701.95        -0.28         0.00        -0.93         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2701.95        -0.28         0.00        -0.93         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.28 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.111  --->  O.K ! 
           -. Ratio      =   0.111  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2129.54 kN. 
           -. Vuz    =          1.02 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.90 
 
           -. Vuy    =          3.86 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1761.62 kN. 
           -. phiVcz    = phi * Vcz =     1585.46 kN. 
 
           -. Vuy       =        3.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1761.62 kN. 
           -. phiVcy    = phi * Vcy =     1585.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2335.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5386.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2335.82 kN. 
           -. phiVsz   = phi*Vsz =     2102.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2335.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5386.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2335.82 kN. 
           -. phiVsy   = phi*Vsy =     2102.24 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       3.998 kN. 
           -. Vr       =    3687.698 kN. 
           -. Ratio    = Vu / Vr = 0.001  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        4.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        4.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118102,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2013.70     -3018.31     -2270.37      -666.62      -564.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2013.70     -3018.31     -2270.37      -666.62      -564.05 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2270.37 kN-m. 
           -. End Moments (My2) =     3018.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -3018.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -3018.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      564.05 kN-m. 
           -. End Moments (Mz2) =      666.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -666.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -666.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1636 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      3368.774 kN. 
           -. Mry        =      5073.356 kN-m. 
           -. Mrz        =      1115.981 kN-m. 
           -. Mr         =      5194.647 kN-m. 
           -. Pu/Pr      =   0.598  --->  O.K ! 
           -. Muy/Mry    =   0.595  --->  O.K ! 
           -. Muz/Mrz    =   0.597  --->  O.K ! 
           -. Mu/Mr      =   0.598  --->  O.K ! 
           -. Ratio      =   0.598  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2013.70 kN. 
           -. Vuz    =       1496.34 kN. 
           -. Muy    =      -3018.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.16 
 
           -. Vuy    =        384.99 kN. 
           -. Muz    =       -666.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.07 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1496.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      977.55 kN. 
           -. phiVcz    = phi * Vcz =      879.80 kN. 
 
           -. Vuy       =      384.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      934.77 kN. 
           -. phiVcy    = phi * Vcy =      841.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1954.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6170.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1954.77 kN. 
           -. phiVsz   = phi*Vsz =     1759.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1920.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6213.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1920.64 kN. 
           -. phiVsy   = phi*Vsy =     1728.57 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1545.078 kN. 
           -. Vr       =    2569.864 kN. 
           -. Ratio    = Vu / Vr = 0.601  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1716.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1716.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0093 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0094 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0094 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118103,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2030.45     -2270.37     -1579.37      -564.05      -490.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2030.45     -2270.37     -1579.37      -564.05      -490.09 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1579.37 kN-m. 
           -. End Moments (My2) =     2270.37 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -2270.37 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -2270.37 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      490.09 kN-m. 
           -. End Moments (Mz2) =      564.05 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -564.05 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -564.05 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      4491.740 kN. 
           -. Mry        =      5063.429 kN-m. 
           -. Mrz        =      1257.422 kN-m. 
           -. Mr         =      5217.223 kN-m. 
           -. Pu/Pr      =   0.452  --->  O.K ! 
           -. Muy/Mry    =   0.448  --->  O.K ! 
           -. Muz/Mrz    =   0.449  --->  O.K ! 
           -. Mu/Mr      =   0.452  --->  O.K ! 
           -. Ratio      =   0.452  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2030.45 kN. 
           -. Vuz    =       1382.53 kN. 
           -. Muy    =      -2270.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.37 
 
           -. Vuy    =        350.61 kN. 
           -. Muz    =       -564.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1382.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1071.69 kN. 
           -. phiVcz    = phi * Vcz =      964.52 kN. 
 
           -. Vuy       =      350.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1028.35 kN. 
           -. phiVcy    = phi * Vcy =      925.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2022.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6076.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2022.64 kN. 
           -. phiVsz   = phi*Vsz =     1820.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1992.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6120.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1992.55 kN. 
           -. phiVsy   = phi*Vsy =     1793.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1426.298 kN. 
           -. Vr       =    2718.804 kN. 
           -. Ratio    = Vu / Vr = 0.525  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1584.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1584.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0068 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0069 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0069 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118104,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2047.19     -1579.37      -947.26      -490.09      -483.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2047.19     -1579.37      -947.26      -490.09      -483.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      947.26 kN-m. 
           -. End Moments (My2) =     1579.37 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1579.37 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1579.37 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      483.19 kN-m. 
           -. End Moments (Mz2) =      490.09 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -490.09 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -490.09 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6377.523 kN. 
           -. Mry        =      4951.978 kN-m. 
           -. Mrz        =      1527.210 kN-m. 
           -. Mr         =      5182.128 kN-m. 
           -. Pu/Pr      =   0.321  --->  O.K ! 
           -. Muy/Mry    =   0.319  --->  O.K ! 
           -. Muz/Mrz    =   0.321  --->  O.K ! 
           -. Mu/Mr      =   0.321  --->  O.K ! 
           -. Ratio      =   0.321  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2047.19 kN. 
           -. Vuz    =       1265.08 kN. 
           -. Muy    =      -1579.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
 
           -. Vuy    =        315.67 kN. 
           -. Muz    =       -490.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1265.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1176.61 kN. 
           -. phiVcz    = phi * Vcz =     1058.95 kN. 
 
           -. Vuy       =      315.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1133.40 kN. 
           -. phiVcy    = phi * Vcy =     1020.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2088.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5971.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2088.41 kN. 
           -. phiVsz   = phi*Vsz =     1879.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2062.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6015.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2062.45 kN. 
           -. phiVsy   = phi*Vsy =     1856.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1303.868 kN. 
           -. Vr       =    2876.269 kN. 
           -. Ratio    = Vu / Vr = 0.453  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1448.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1448.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118105,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2063.94      -947.26      -375.92      -483.19      -535.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2063.94      -947.26      -375.92      -483.19      -535.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      375.92 kN-m. 
           -. End Moments (My2) =      947.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -947.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -947.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      483.19 kN-m. 
           -. End Moments (Mz2) =      535.53 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -483.19 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -483.19 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9503.547 kN. 
           -. Mry        =      4344.841 kN-m. 
           -. Mrz        =      2212.435 kN-m. 
           -. Mr         =      4875.706 kN-m. 
           -. Pu/Pr      =   0.217  --->  O.K ! 
           -. Muy/Mry    =   0.218  --->  O.K ! 
           -. Muz/Mrz    =   0.218  --->  O.K ! 
           -. Mu/Mr      =   0.218  --->  O.K ! 
           -. Ratio      =   0.218  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2063.94 kN. 
           -. Vuz    =       1145.22 kN. 
           -. Muy    =       -947.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
 
           -. Vuy    =        280.57 kN. 
           -. Muz    =       -483.19 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1649 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1145.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1287.65 kN. 
           -. phiVcz    = phi * Vcz =     1158.88 kN. 
 
           -. Vuy       =      280.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1245.48 kN. 
           -. phiVcy    = phi * Vcy =     1120.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2148.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5860.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2148.87 kN. 
           -. phiVsz   = phi*Vsz =     1933.98 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2126.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5903.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2126.90 kN. 
           -. phiVsy   = phi*Vsy =     1914.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1179.091 kN. 
           -. Vr       =    3035.147 kN. 
           -. Ratio    = Vu / Vr = 0.388  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1310.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1310.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118106,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2623.88      -337.99      -264.29      -540.54      -676.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2623.88      -337.99      -264.29      -540.54      -676.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      264.29 kN-m. 
           -. End Moments (My2) =      337.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -264.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -264.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      540.54 kN-m. 
           -. End Moments (Mz2) =      676.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -676.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -676.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15365.878 kN. 
           -. Mry        =      1538.164 kN-m. 
           -. Mrz        =      3949.310 kN-m. 
           -. Mr         =      4238.278 kN-m. 
           -. Pu/Pr      =   0.171  --->  O.K ! 
           -. Muy/Mry    =   0.172  --->  O.K ! 
           -. Muz/Mrz    =   0.171  --->  O.K ! 
           -. Mu/Mr      =   0.172  --->  O.K ! 
           -. Ratio      =   0.172  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2097.33 kN. 
           -. Vuz    =       1024.31 kN. 
           -. Muy    =       -424.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        245.74 kN. 
           -. Muz    =       -581.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1024.31 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1332.69 kN. 
           -. phiVcz    = phi * Vcz =     1199.42 kN. 
 
           -. Vuy       =      245.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1291.22 kN. 
           -. phiVcy    = phi * Vcy =     1162.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2171.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5815.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2171.13 kN. 
           -. phiVsz   = phi*Vsz =     1954.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2150.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5857.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2150.68 kN. 
           -. phiVsy   = phi*Vsy =     1935.61 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1053.378 kN. 
           -. Vr       =    3097.710 kN. 
           -. Ratio    = Vu / Vr = 0.340  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1170.42 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1170.42 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118107,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2114.07      -424.68      -813.08      -581.35      -620.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2114.07      -424.68      -813.08      -581.35      -620.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      424.68 kN-m. 
           -. End Moments (My2) =      813.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -813.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -813.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      581.35 kN-m. 
           -. End Moments (Mz2) =      620.01 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -620.01 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -620.01 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9964.848 kN. 
           -. Mry        =      3840.449 kN-m. 
           -. Mrz        =      2930.978 kN-m. 
           -. Mr         =      4831.116 kN-m. 
           -. Pu/Pr      =   0.212  --->  O.K ! 
           -. Muy/Mry    =   0.212  --->  O.K ! 
           -. Muz/Mrz    =   0.212  --->  O.K ! 
           -. Mu/Mr      =   0.212  --->  O.K ! 
           -. Ratio      =   0.212  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2114.07 kN. 
           -. Vuz    =        903.71 kN. 
           -. Muy    =       -813.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        211.66 kN. 
           -. Muz    =       -620.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      903.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1330.55 kN. 
           -. phiVcz    = phi * Vcz =     1197.49 kN. 
 
           -. Vuy       =      211.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1289.03 kN. 
           -. phiVcy    = phi * Vcy =     1160.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5817.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.10 kN. 
           -. phiVsz   = phi*Vsz =     1953.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2149.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5859.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2149.58 kN. 
           -. phiVsy   = phi*Vsy =     1934.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     928.161 kN. 
           -. Vr       =    3094.749 kN. 
           -. Ratio    = Vu / Vr = 0.300  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1031.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1031.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118108,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2130.81      -813.08     -1150.00      -620.01      -647.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2130.81      -813.08     -1150.00      -620.01      -647.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      813.08 kN-m. 
           -. End Moments (My2) =     1150.00 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1150.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1150.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      620.01 kN-m. 
           -. End Moments (Mz2) =      647.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -647.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -647.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8081.047 kN. 
           -. Mry        =      4383.301 kN-m. 
           -. Mrz        =      2469.561 kN-m. 
           -. Mr         =      5031.109 kN-m. 
           -. Pu/Pr      =   0.264  --->  O.K ! 
           -. Muy/Mry    =   0.262  --->  O.K ! 
           -. Muz/Mrz    =   0.262  --->  O.K ! 
           -. Mu/Mr      =   0.264  --->  O.K ! 
           -. Ratio      =   0.264  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2130.81 kN. 
           -. Vuz    =        784.87 kN. 
           -. Muy    =      -1150.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        178.84 kN. 
           -. Muz    =       -647.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      784.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1294.35 kN. 
           -. phiVcz    = phi * Vcz =     1164.92 kN. 
 
           -. Vuy       =      178.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1252.28 kN. 
           -. phiVcy    = phi * Vcy =     1127.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2152.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5854.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2152.26 kN. 
           -. phiVsz   = phi*Vsz =     1937.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2130.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5896.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2130.52 kN. 
           -. phiVsy   = phi*Vsy =     1917.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     804.986 kN. 
           -. Vr       =    3044.524 kN. 
           -. Ratio    = Vu / Vr = 0.264  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      894.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      894.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118109,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2147.54     -1150.00     -1434.85      -647.58      -664.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2147.54     -1150.00     -1434.85      -647.58      -664.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1150.00 kN-m. 
           -. End Moments (My2) =     1434.85 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1434.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1434.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      647.58 kN-m. 
           -. End Moments (Mz2) =      664.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -664.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -664.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6982.337 kN. 
           -. Mry        =      4668.571 kN-m. 
           -. Mrz        =      2166.545 kN-m. 
           -. Mr         =      5146.793 kN-m. 
           -. Pu/Pr      =   0.308  --->  O.K ! 
           -. Muy/Mry    =   0.307  --->  O.K ! 
           -. Muz/Mrz    =   0.307  --->  O.K ! 
           -. Mu/Mr      =   0.308  --->  O.K ! 
           -. Ratio      =   0.308  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2147.54 kN. 
           -. Vuz    =        669.24 kN. 
           -. Muy    =      -1434.85 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        148.01 kN. 
           -. Muz    =       -664.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      669.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1265.63 kN. 
           -. phiVcz    = phi * Vcz =     1139.07 kN. 
 
           -. Vuy       =      148.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1223.19 kN. 
           -. phiVcy    = phi * Vcy =     1100.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2137.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5882.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2137.54 kN. 
           -. phiVsz   = phi*Vsz =     1923.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2114.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5925.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2114.81 kN. 
           -. phiVsy   = phi*Vsy =     1903.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     685.412 kN. 
           -. Vr       =    3004.200 kN. 
           -. Ratio    = Vu / Vr = 0.228  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      761.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      761.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1666 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118110,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2164.27     -1434.85     -1668.88      -664.22      -670.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2164.27     -1434.85     -1668.88      -664.22      -670.63 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1434.85 kN-m. 
           -. End Moments (My2) =     1668.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1668.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1668.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      664.22 kN-m. 
           -. End Moments (Mz2) =      670.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -670.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -670.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6200.518 kN. 
           -. Mry        =      4818.969 kN-m. 
           -. Mrz        =      1937.433 kN-m. 
           -. Mr         =      5193.853 kN-m. 
           -. Pu/Pr      =   0.349  --->  O.K ! 
           -. Muy/Mry    =   0.346  --->  O.K ! 
           -. Muz/Mrz    =   0.346  --->  O.K ! 
           -. Mu/Mr      =   0.349  --->  O.K ! 
           -. Ratio      =   0.349  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2164.27 kN. 
           -. Vuz    =        558.27 kN. 
           -. Muy    =      -1668.88 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        120.27 kN. 
           -. Muz    =       -670.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      558.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1244.59 kN. 
           -. phiVcz    = phi * Vcz =     1120.14 kN. 
 
           -. Vuy       =      120.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1201.92 kN. 
           -. phiVcy    = phi * Vcy =     1081.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2126.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5903.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2126.43 kN. 
           -. phiVsz   = phi*Vsz =     1913.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2102.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5946.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2102.95 kN. 
           -. phiVsy   = phi*Vsy =     1892.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     571.076 kN. 
           -. Vr       =    2974.384 kN. 
           -. Ratio    = Vu / Vr = 0.192  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      634.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      634.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1670 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118111,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            261.99      1619.48      1832.02       648.86       677.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      261.99      1619.48      1832.02       648.86       677.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1619.48 kN-m. 
           -. End Moments (My2) =     1832.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1832.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1832.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      648.86 kN-m. 
           -. End Moments (Mz2) =      677.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      677.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      677.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       671.941 kN. 
           -. Mry        =      4716.443 kN-m. 
           -. Mrz        =      1752.431 kN-m. 
           -. Mr         =      5031.486 kN-m. 
           -. Pu/Pr      =   0.390  --->  O.K ! 
           -. Muy/Mry    =   0.388  --->  O.K ! 
           -. Muz/Mrz    =   0.387  --->  O.K ! 
           -. Mu/Mr      =   0.390  --->  O.K ! 
           -. Ratio      =   0.390  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2180.99 kN. 
           -. Vuz    =        453.36 kN. 
           -. Muy    =      -1854.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.72 
 
           -. Vuy    =         97.47 kN. 
           -. Muz    =       -669.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      453.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1230.36 kN. 
           -. phiVcz    = phi * Vcz =     1107.32 kN. 
 
           -. Vuy       =       97.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1187.54 kN. 
           -. phiVcy    = phi * Vcy =     1068.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2118.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5918.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2118.73 kN. 
           -. phiVsz   = phi*Vsz =     1906.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2094.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5960.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2094.75 kN. 
           -. phiVsy   = phi*Vsy =     1885.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     463.717 kN. 
           -. Vr       =    2954.065 kN. 
           -. Ratio    = Vu / Vr = 0.157  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      515.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      515.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1674 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118112,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            273.91      1832.02      2002.86       677.82       698.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      273.91      1832.02      2002.86       677.82       698.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1832.02 kN-m. 
           -. End Moments (My2) =     2002.86 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2002.86 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2002.86 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      677.82 kN-m. 
           -. End Moments (Mz2) =      698.19 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      698.19 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      698.19 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       652.920 kN. 
           -. Mry        =      4748.312 kN-m. 
           -. Mrz        =      1659.332 kN-m. 
           -. Mr         =      5029.895 kN-m. 
           -. Pu/Pr      =   0.420  --->  O.K ! 
           -. Muy/Mry    =   0.422  --->  O.K ! 
           -. Muz/Mrz    =   0.421  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2197.72 kN. 
           -. Vuz    =        355.85 kN. 
           -. Muy    =      -2001.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =         81.11 kN. 
           -. Muz    =       -663.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      355.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1221.05 kN. 
           -. phiVcz    = phi * Vcz =     1098.94 kN. 
 
           -. Vuy       =       81.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1178.15 kN. 
           -. phiVcy    = phi * Vcy =     1060.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5927.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.63 kN. 
           -. phiVsz   = phi*Vsz =     1902.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2089.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5970.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2089.31 kN. 
           -. phiVsy   = phi*Vsy =     1880.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     364.982 kN. 
           -. Vr       =    2940.714 kN. 
           -. Ratio    = Vu / Vr = 0.124  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      405.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      405.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118113,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            285.84      2002.86      2115.68       698.19       703.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      285.84      2002.86      2115.68       698.19       703.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2002.86 kN-m. 
           -. End Moments (My2) =     2115.68 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2115.68 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2115.68 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      698.19 kN-m. 
           -. End Moments (Mz2) =      703.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      703.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      703.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       648.046 kN. 
           -. Mry        =      4772.491 kN-m. 
           -. Mrz        =      1587.542 kN-m. 
           -. Mr         =      5029.608 kN-m. 
           -. Pu/Pr      =   0.441  --->  O.K ! 
           -. Muy/Mry    =   0.443  --->  O.K ! 
           -. Muz/Mrz    =   0.443  --->  O.K ! 
           -. Mu/Mr      =   0.443  --->  O.K ! 
           -. Ratio      =   0.443  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2214.44 kN. 
           -. Vuz    =        227.00 kN. 
           -. Muy    =      -2093.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =         66.51 kN. 
           -. Muz    =       -645.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      227.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1224.39 kN. 
           -. phiVcz    = phi * Vcz =     1101.95 kN. 
 
           -. Vuy       =       66.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1181.52 kN. 
           -. phiVcy    = phi * Vcy =     1063.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2115.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5924.09 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2115.47 kN. 
           -. phiVsz   = phi*Vsz =     1903.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2091.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5966.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2091.27 kN. 
           -. phiVsy   = phi*Vsy =     1882.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     236.546 kN. 
           -. Vr       =    2945.519 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      262.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      262.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118114,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            297.77      2115.68      2154.88       703.03       690.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      297.77      2115.68      2154.88       703.03       690.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2115.68 kN-m. 
           -. End Moments (My2) =     2154.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2154.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2154.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      690.88 kN-m. 
           -. End Moments (Mz2) =      703.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      690.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      690.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       658.424 kN. 
           -. Mry        =      4790.366 kN-m. 
           -. Mrz        =      1536.088 kN-m. 
           -. Mr         =      5030.624 kN-m. 
           -. Pu/Pr      =   0.452  --->  O.K ! 
           -. Muy/Mry    =   0.450  --->  O.K ! 
           -. Muz/Mrz    =   0.450  --->  O.K ! 
           -. Mu/Mr      =   0.452  --->  O.K ! 
           -. Ratio      =   0.452  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2231.16 kN. 
           -. Vuz    =         78.90 kN. 
           -. Muy    =      -2116.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =         70.10 kN. 
           -. Muz    =       -617.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       78.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1239.20 kN. 
           -. phiVcz    = phi * Vcz =     1115.28 kN. 
 
           -. Vuy       =       70.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1196.47 kN. 
           -. phiVcy    = phi * Vcy =     1076.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.53 kN. 
           -. phiVsz   = phi*Vsz =     1911.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2099.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5952.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2099.86 kN. 
           -. phiVsy   = phi*Vsy =     1889.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     105.543 kN. 
           -. Vr       =    2966.702 kN. 
           -. Ratio    = Vu / Vr = 0.036  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      117.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      117.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118115,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            297.71      2154.88      2130.57       690.88       663.64 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      297.71      2154.88      2130.57       690.88       663.64 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2130.57 kN-m. 
           -. End Moments (My2) =     2154.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1687 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2154.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2154.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      663.64 kN-m. 
           -. End Moments (Mz2) =      690.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      690.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      690.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       658.424 kN. 
           -. Mry        =      4790.366 kN-m. 
           -. Mrz        =      1536.088 kN-m. 
           -. Mr         =      5030.624 kN-m. 
           -. Pu/Pr      =   0.452  --->  O.K ! 
           -. Muy/Mry    =   0.450  --->  O.K ! 
           -. Muz/Mrz    =   0.450  --->  O.K ! 
           -. Mu/Mr      =   0.452  --->  O.K ! 
           -. Ratio      =   0.452  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2231.22 kN. 
           -. Vuz    =         85.19 kN. 
           -. Muy    =      -2116.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =         85.72 kN. 
           -. Muz    =       -617.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       85.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1237.05 kN. 
           -. phiVcz    = phi * Vcz =     1113.34 kN. 
 
           -. Vuy       =       85.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1194.29 kN. 
           -. phiVcy    = phi * Vcy =     1074.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2122.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5911.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2122.36 kN. 
           -. phiVsz   = phi*Vsz =     1910.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5954.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.62 kN. 
           -. phiVsy   = phi*Vsy =     1888.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     120.856 kN. 
           -. Vr       =    2963.626 kN. 
           -. Ratio    = Vu / Vr = 0.041  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      134.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      134.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118116,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            309.65      2130.57      2053.88       663.64       625.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      309.65      2130.57      2053.88       663.64       625.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2053.88 kN-m. 
           -. End Moments (My2) =     2130.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2130.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2130.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      625.60 kN-m. 
           -. End Moments (Mz2) =      663.64 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      663.64 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      663.64 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       698.770 kN. 
           -. Mry        =      4806.411 kN-m. 
           -. Mrz        =      1497.050 kN-m. 
           -. Mr         =      5034.158 kN-m. 
           -. Pu/Pr      =   0.443  --->  O.K ! 
           -. Muy/Mry    =   0.443  --->  O.K ! 
           -. Muz/Mrz    =   0.443  --->  O.K ! 
           -. Mu/Mr      =   0.443  --->  O.K ! 
           -. Ratio      =   0.443  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2247.93 kN. 
           -. Vuz    =        177.57 kN. 
           -. Muy    =      -2080.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =         97.87 kN. 
           -. Muz    =       -578.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      177.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1231.77 kN. 
           -. phiVcz    = phi * Vcz =     1108.60 kN. 
 
           -. Vuy       =       97.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1188.97 kN. 
           -. phiVcy    = phi * Vcy =     1070.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2119.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5916.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2119.51 kN. 
           -. phiVsz   = phi*Vsz =     1907.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2095.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5959.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2095.58 kN. 
           -. phiVsy   = phi*Vsy =     1886.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     202.751 kN. 
           -. Vr       =    2956.094 kN. 
           -. Ratio    = Vu / Vr = 0.069  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      225.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      225.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118117,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            321.58      2053.88      1936.09       625.60       578.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      321.58      2053.88      1936.09       625.60       578.21 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1936.09 kN-m. 
           -. End Moments (My2) =     2053.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2053.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2053.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      578.21 kN-m. 
           -. End Moments (Mz2) =      625.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      625.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      625.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       754.263 kN. 
           -. Mry        =      4820.161 kN-m. 
           -. Mrz        =      1468.602 kN-m. 
           -. Mr         =      5038.923 kN-m. 
           -. Pu/Pr      =   0.426  --->  O.K ! 
           -. Muy/Mry    =   0.426  --->  O.K ! 
           -. Muz/Mrz    =   0.426  --->  O.K ! 
           -. Mu/Mr      =   0.426  --->  O.K ! 
           -. Ratio      =   0.426  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2264.64 kN. 
           -. Vuz    =        249.41 kN. 
           -. Muy    =      -1995.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        105.43 kN. 
           -. Muz    =       -533.95 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      249.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1236.23 kN. 
           -. phiVcz    = phi * Vcz =     1112.61 kN. 
 
           -. Vuy       =      105.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1193.47 kN. 
           -. phiVcy    = phi * Vcy =     1074.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2121.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5912.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2121.92 kN. 
           -. phiVsz   = phi*Vsz =     1909.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2098.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5955.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2098.15 kN. 
           -. phiVsy   = phi*Vsy =     1888.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     270.782 kN. 
           -. Vr       =    2962.460 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      300.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      300.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118118,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            333.52      1936.09      1788.22       578.21       524.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      333.52      1936.09      1788.22       578.21       524.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1788.22 kN-m. 
           -. End Moments (My2) =     1936.09 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1936.09 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1936.09 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      524.58 kN-m. 
           -. End Moments (Mz2) =      578.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      578.21 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      578.21 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       828.793 kN. 
           -. Mry        =      4833.800 kN-m. 
           -. Mrz        =      1445.260 kN-m. 
           -. Mr         =      5045.236 kN-m. 
           -. Pu/Pr      =   0.402  --->  O.K ! 
           -. Muy/Mry    =   0.401  --->  O.K ! 
           -. Muz/Mrz    =   0.400  --->  O.K ! 
           -. Mu/Mr      =   0.402  --->  O.K ! 
           -. Ratio      =   0.402  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2281.35 kN. 
           -. Vuz    =        300.81 kN. 
           -. Muy    =      -1873.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.77 
 
           -. Vuy    =        108.88 kN. 
           -. Muz    =       -483.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      300.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1249.60 kN. 
           -. phiVcz    = phi * Vcz =     1124.64 kN. 
 
           -. Vuy       =      108.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1206.98 kN. 
           -. phiVcy    = phi * Vcy =     1086.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2129.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5898.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2129.10 kN. 
           -. phiVsz   = phi*Vsz =     1916.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2105.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5941.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2105.80 kN. 
           -. phiVsy   = phi*Vsy =     1895.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     319.909 kN. 
           -. Vr       =    2981.502 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      355.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      355.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118119,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            345.47      1788.22      1620.70       524.58       467.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      345.47      1788.22      1620.70       524.58       467.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1620.70 kN-m. 
           -. End Moments (My2) =     1788.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1788.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1788.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      467.59 kN-m. 
           -. End Moments (Mz2) =      524.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      524.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      524.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       938.192 kN. 
           -. Mry        =      4848.902 kN-m. 
           -. Mrz        =      1426.497 kN-m. 
           -. Mr         =      5054.378 kN-m. 
           -. Pu/Pr      =   0.368  --->  O.K ! 
           -. Muy/Mry    =   0.369  --->  O.K ! 
           -. Muz/Mrz    =   0.368  --->  O.K ! 
           -. Mu/Mr      =   0.369  --->  O.K ! 
           -. Ratio      =   0.369  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2298.05 kN. 
           -. Vuz    =        334.09 kN. 
           -. Muy    =      -1723.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
 
           -. Vuy    =        109.02 kN. 
           -. Muz    =       -430.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      334.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1270.44 kN. 
           -. phiVcz    = phi * Vcz =     1143.40 kN. 
 
           -. Vuy       =      109.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1228.06 kN. 
           -. phiVcy    = phi * Vcy =     1105.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2140.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5878.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2140.04 kN. 
           -. phiVsz   = phi*Vsz =     1926.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2117.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5920.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2117.48 kN. 
           -. phiVsy   = phi*Vsy =     1905.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     351.430 kN. 
           -. Vr       =    3010.987 kN. 
           -. Ratio    = Vu / Vr = 0.117  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      390.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      390.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118120,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            357.41      1620.70      1443.12       467.59       409.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      357.41      1620.70      1443.12       467.59       409.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1443.12 kN-m. 
           -. End Moments (My2) =     1620.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1620.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1620.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      409.86 kN-m. 
           -. End Moments (Mz2) =      467.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      467.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      467.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1083.100 kN. 
           -. Mry        =      4865.726 kN-m. 
           -. Mrz        =      1411.529 kN-m. 
           -. Mr         =      5066.330 kN-m. 
           -. Pu/Pr      =   0.330  --->  O.K ! 
           -. Muy/Mry    =   0.333  --->  O.K ! 
           -. Muz/Mrz    =   0.331  --->  O.K ! 
           -. Mu/Mr      =   0.333  --->  O.K ! 
           -. Ratio      =   0.333  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2314.76 kN. 
           -. Vuz    =        350.36 kN. 
           -. Muy    =      -1556.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =        105.59 kN. 
           -. Muz    =       -377.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.78 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1709 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      350.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1297.60 kN. 
           -. phiVcz    = phi * Vcz =     1167.84 kN. 
 
           -. Vuy       =      105.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1255.58 kN. 
           -. phiVcy    = phi * Vcy =     1130.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2153.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5850.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2153.89 kN. 
           -. phiVsz   = phi*Vsz =     1938.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2132.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5892.91 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2132.27 kN. 
           -. phiVsy   = phi*Vsy =     1919.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     365.930 kN. 
           -. Vr       =    3049.059 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      406.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      406.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118121,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            369.36      1443.12      1264.08       409.86       353.68 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      369.36      1443.12      1264.08       409.86       353.68 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1264.08 kN-m. 
           -. End Moments (My2) =     1443.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1443.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1443.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      353.68 kN-m. 
           -. End Moments (Mz2) =      409.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      409.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      409.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1257.589 kN. 
           -. Mry        =      4883.609 kN-m. 
           -. Mrz        =      1395.749 kN-m. 
           -. Mr         =      5079.149 kN-m. 
           -. Pu/Pr      =   0.294  --->  O.K ! 
           -. Muy/Mry    =   0.296  --->  O.K ! 
           -. Muz/Mrz    =   0.294  --->  O.K ! 
           -. Mu/Mr      =   0.296  --->  O.K ! 
           -. Ratio      =   0.296  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2331.46 kN. 
           -. Vuz    =        350.39 kN. 
           -. Muy    =      -1381.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.94 
 
           -. Vuy    =         99.07 kN. 
           -. Muz    =       -324.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      350.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1329.99 kN. 
           -. phiVcz    = phi * Vcz =     1196.99 kN. 
 
           -. Vuy       =       99.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1288.47 kN. 
           -. phiVcy    = phi * Vcy =     1159.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2169.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5818.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2169.83 kN. 
           -. phiVsz   = phi*Vsz =     1952.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2149.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5860.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2149.29 kN. 
           -. phiVsy   = phi*Vsy =     1934.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     364.128 kN. 
           -. Vr       =    3093.980 kN. 
           -. Ratio    = Vu / Vr = 0.118  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      404.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      404.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118122,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            381.31      1264.08      1091.03       353.68       301.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      381.31      1264.08      1091.03       353.68       301.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1091.03 kN-m. 
           -. End Moments (My2) =     1264.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1715 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1264.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1264.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      301.01 kN-m. 
           -. End Moments (Mz2) =      353.68 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      353.68 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      353.68 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1487.953 kN. 
           -. Mry        =      4904.214 kN-m. 
           -. Mrz        =      1378.189 kN-m. 
           -. Mr         =      5094.184 kN-m. 
           -. Pu/Pr      =   0.256  --->  O.K ! 
           -. Muy/Mry    =   0.258  --->  O.K ! 
           -. Muz/Mrz    =   0.257  --->  O.K ! 
           -. Mu/Mr      =   0.258  --->  O.K ! 
           -. Ratio      =   0.258  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2348.15 kN. 
           -. Vuz    =        336.36 kN. 
           -. Muy    =      -1206.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
 
           -. Vuy    =         90.14 kN. 
           -. Muz    =       -275.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.93 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      336.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1366.30 kN. 
           -. phiVcz    = phi * Vcz =     1229.67 kN. 
 
           -. Vuy       =       90.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1325.43 kN. 
           -. phiVcy    = phi * Vcy =     1192.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2186.98 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5782.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2186.98 kN. 
           -. phiVsz   = phi*Vsz =     1968.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2167.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5823.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2167.63 kN. 
           -. phiVsy   = phi*Vsy =     1950.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     348.226 kN. 
           -. Vr       =    3143.756 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      386.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      386.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118123,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2364.85     -1037.83      -881.90      -230.44      -190.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2364.85     -1037.83      -881.90      -230.44      -190.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      881.90 kN-m. 
           -. End Moments (My2) =     1037.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1719 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1037.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1037.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      190.69 kN-m. 
           -. End Moments (Mz2) =      230.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -230.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -230.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10556.647 kN. 
           -. Mry        =      4672.683 kN-m. 
           -. Mrz        =      1034.386 kN-m. 
           -. Mr         =      4785.804 kN-m. 
           -. Pu/Pr      =   0.224  --->  O.K ! 
           -. Muy/Mry    =   0.222  --->  O.K ! 
           -. Muz/Mrz    =   0.223  --->  O.K ! 
           -. Mu/Mr      =   0.224  --->  O.K ! 
           -. Ratio      =   0.224  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2364.85 kN. 
           -. Vuz    =        311.86 kN. 
           -. Muy    =      -1037.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.11 
 
           -. Vuy    =         79.63 kN. 
           -. Muz    =       -230.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.02 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      311.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1404.89 kN. 
           -. phiVcz    = phi * Vcz =     1264.40 kN. 
 
           -. Vuy       =       79.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1364.84 kN. 
           -. phiVcy    = phi * Vcy =     1228.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2204.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5743.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2204.44 kN. 
           -. phiVsz   = phi*Vsz =     1984.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2186.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5783.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2186.31 kN. 
           -. phiVsy   = phi*Vsy =     1967.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     321.869 kN. 
           -. Vr       =    3196.029 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      357.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      357.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118124,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2381.54      -881.90      -737.78      -190.69      -155.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2381.54      -881.90      -737.78      -190.69      -155.20 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      737.78 kN-m. 
           -. End Moments (My2) =      881.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -881.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -881.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      155.20 kN-m. 
           -. End Moments (Mz2) =      190.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -190.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -190.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1724 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12201.782 kN. 
           -. Mry        =      4517.359 kN-m. 
           -. Mrz        =       986.048 kN-m. 
           -. Mr         =      4623.724 kN-m. 
           -. Pu/Pr      =   0.195  --->  O.K ! 
           -. Muy/Mry    =   0.195  --->  O.K ! 
           -. Muz/Mrz    =   0.193  --->  O.K ! 
           -. Mu/Mr      =   0.195  --->  O.K ! 
           -. Ratio      =   0.195  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2381.54 kN. 
           -. Vuz    =        288.24 kN. 
           -. Muy    =       -881.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.19 
 
           -. Vuy    =         71.12 kN. 
           -. Muz    =       -190.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.11 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      288.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1442.56 kN. 
           -. phiVcz    = phi * Vcz =     1298.30 kN. 
 
           -. Vuy       =       71.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1403.40 kN. 
           -. phiVcy    = phi * Vcy =     1263.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2220.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5705.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2220.76 kN. 
           -. phiVsz   = phi*Vsz =     1998.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2203.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5745.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2203.78 kN. 
           -. phiVsy   = phi*Vsy =     1983.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     296.888 kN. 
           -. Vr       =    3246.469 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      329.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      329.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118125,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2398.23      -737.78      -607.44      -155.20      -124.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2398.23      -737.78      -607.44      -155.20      -124.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      607.44 kN-m. 
           -. End Moments (My2) =      737.78 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -737.78 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -737.78 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      124.17 kN-m. 
           -. End Moments (Mz2) =      155.20 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -155.20 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -155.20 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14132.900 kN. 
           -. Mry        =      4307.427 kN-m. 
           -. Mrz        =       901.910 kN-m. 
           -. Mr         =      4400.837 kN-m. 
           -. Pu/Pr      =   0.170  --->  O.K ! 
           -. Muy/Mry    =   0.171  --->  O.K ! 
           -. Muz/Mrz    =   0.172  --->  O.K ! 
           -. Mu/Mr      =   0.172  --->  O.K ! 
           -. Ratio      =   0.172  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2398.23 kN. 
           -. Vuz    =        260.68 kN. 
           -. Muy    =       -737.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.28 
 
           -. Vuy    =         62.15 kN. 
           -. Muz    =       -155.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.19 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      260.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1480.18 kN. 
           -. phiVcz    = phi * Vcz =     1332.17 kN. 
 
           -. Vuy       =       62.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1442.04 kN. 
           -. phiVcy    = phi * Vcy =     1297.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2236.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5668.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2236.40 kN. 
           -. phiVsz   = phi*Vsz =     2012.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2220.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5706.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2220.54 kN. 
           -. phiVsy   = phi*Vsy =     1998.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     267.992 kN. 
           -. Vr       =    3296.324 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      297.77 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      297.77 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118126,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2414.91      -607.44      -492.05      -124.17       -97.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2414.91      -607.44      -492.05      -124.17       -97.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      492.05 kN-m. 
           -. End Moments (My2) =      607.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -607.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -607.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       97.69 kN-m. 
           -. End Moments (Mz2) =      124.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -124.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -124.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16051.509 kN. 
           -. Mry        =      4054.867 kN-m. 
           -. Mrz        =       834.129 kN-m. 
           -. Mr         =      4139.773 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.150  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2414.91 kN. 
           -. Vuz    =        230.77 kN. 
           -. Muy    =       -607.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.36 
 
           -. Vuy    =         53.08 kN. 
           -. Muz    =       -124.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.28 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      230.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1516.78 kN. 
           -. phiVcz    = phi * Vcz =     1365.11 kN. 
 
           -. Vuy       =       53.08 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1479.72 kN. 
           -. phiVcy    = phi * Vcy =     1331.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2251.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5631.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2251.01 kN. 
           -. phiVsz   = phi*Vsz =     2025.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2236.21 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5668.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2236.21 kN. 
           -. phiVsy   = phi*Vsy =     2012.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     236.800 kN. 
           -. Vr       =    3344.343 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      263.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      263.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118127,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2431.60      -492.05      -391.20       -97.69       -75.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2431.60      -492.05      -391.20       -97.69       -75.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      391.20 kN-m. 
           -. End Moments (My2) =      492.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -492.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -492.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       75.41 kN-m. 
           -. End Moments (Mz2) =       97.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -97.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -97.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18256.169 kN. 
           -. Mry        =      3695.437 kN-m. 
           -. Mrz        =       729.783 kN-m. 
           -. Mr         =      3766.807 kN-m. 
           -. Pu/Pr      =   0.133  --->  O.K ! 
           -. Muy/Mry    =   0.133  --->  O.K ! 
           -. Muz/Mrz    =   0.134  --->  O.K ! 
           -. Mu/Mr      =   0.134  --->  O.K ! 
           -. Ratio      =   0.134  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2431.60 kN. 
           -. Vuz    =        201.71 kN. 
           -. Muy    =       -492.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =         44.71 kN. 
           -. Muz    =        -97.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      201.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1551.03 kN. 
           -. phiVcz    = phi * Vcz =     1395.93 kN. 
 
           -. Vuy       =       44.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1515.08 kN. 
           -. phiVcy    = phi * Vcy =     1363.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2264.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5597.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2264.18 kN. 
           -. phiVsz   = phi*Vsz =     2037.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2250.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5633.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2250.34 kN. 
           -. phiVsy   = phi*Vsy =     2025.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     206.605 kN. 
           -. Vr       =    3388.882 kN. 
           -. Ratio    = Vu / Vr = 0.061  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      229.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      229.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118128,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2976.13      -213.31      -163.76      -150.07      -112.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2976.13      -213.31      -163.76      -150.07      -112.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      163.76 kN-m. 
           -. End Moments (My2) =      213.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -213.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -213.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      112.83 kN-m. 
           -. End Moments (Mz2) =      150.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -150.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -150.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =      1736.921 kN-m. 
           -. Mrz        =      1220.825 kN-m. 
           -. Mr         =      2123.042 kN-m. 
           -. Pu/Pr      =   0.122  --->  O.K ! 
           -. Muy/Mry    =   0.123  --->  O.K ! 
           -. Muz/Mrz    =   0.123  --->  O.K ! 
           -. Mu/Mr      =   0.123  --->  O.K ! 
           -. Ratio      =   0.123  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2448.28 kN. 
           -. Vuz    =        182.23 kN. 
           -. Muy    =       -391.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.50 
 
           -. Vuy    =         39.34 kN. 
           -. Muz    =        -75.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.42 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      182.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1580.55 kN. 
           -. phiVcz    = phi * Vcz =     1422.49 kN. 
 
           -. Vuy       =       39.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1545.62 kN. 
           -. phiVcy    = phi * Vcy =     1391.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2275.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5567.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2275.15 kN. 
           -. phiVsz   = phi*Vsz =     2047.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2262.13 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5602.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2262.13 kN. 
           -. phiVsy   = phi*Vsy =     2035.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     186.432 kN. 
           -. Vr       =    3426.975 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      207.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      207.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3009.49      -163.76      -119.18      -112.83       -79.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3009.49      -163.76      -119.18      -112.83       -79.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      119.18 kN-m. 
           -. End Moments (My2) =      163.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -119.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -119.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       79.84 kN-m. 
           -. End Moments (Mz2) =      112.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -79.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -79.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       967.179 kN-m. 
           -. Mrz        =       646.440 kN-m. 
           -. Mr         =      1163.323 kN-m. 
           -. Pu/Pr      =   0.123  --->  O.K ! 
           -. Muy/Mry    =   0.123  --->  O.K ! 
           -. Muz/Mrz    =   0.124  --->  O.K ! 
           -. Mu/Mr      =   0.124  --->  O.K ! 
           -. Ratio      =   0.124  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2464.95 kN. 
           -. Vuz    =        163.84 kN. 
           -. Muy    =       -300.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.56 
 
           -. Vuy    =         34.46 kN. 
           -. Muz    =        -55.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      163.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1608.16 kN. 
           -. phiVcz    = phi * Vcz =     1447.34 kN. 
 
           -. Vuy       =       34.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1574.25 kN. 
           -. phiVcy    = phi * Vcy =     1416.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2285.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5540.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2285.12 kN. 
           -. phiVsz   = phi*Vsz =     2056.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2272.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5574.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2272.84 kN. 
           -. phiVsy   = phi*Vsy =     2045.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     167.425 kN. 
           -. Vr       =    3462.385 kN. 
           -. Ratio    = Vu / Vr = 0.048  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      186.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      186.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3026.19      -119.18       -79.16       -79.84       -50.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3026.19      -119.18       -79.16       -79.84       -50.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       79.16 kN-m. 
           -. End Moments (My2) =      119.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -79.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -79.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       50.67 kN-m. 
           -. End Moments (Mz2) =       79.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -50.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -50.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       638.069 kN-m. 
           -. Mrz        =       409.160 kN-m. 
           -. Mr         =       757.987 kN-m. 
           -. Pu/Pr      =   0.124  --->  O.K ! 
           -. Muy/Mry    =   0.124  --->  O.K ! 
           -. Muz/Mrz    =   0.124  --->  O.K ! 
           -. Mu/Mr      =   0.124  --->  O.K ! 
           -. Ratio      =   0.124  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2481.63 kN. 
           -. Vuz    =        147.01 kN. 
           -. Muy    =       -218.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.62 
 
           -. Vuy    =         30.15 kN. 
           -. Muz    =        -38.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      147.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1633.65 kN. 
           -. phiVcz    = phi * Vcz =     1470.28 kN. 
 
           -. Vuy       =       30.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1600.74 kN. 
           -. phiVcy    = phi * Vcy =     1440.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2294.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5514.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2294.08 kN. 
           -. phiVsz   = phi*Vsz =     2064.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2282.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5547.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2282.47 kN. 
           -. phiVsy   = phi*Vsy =     2054.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     150.072 kN. 
           -. Vr       =    3494.892 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      166.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      166.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118131,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3042.88       -79.16       -47.03       -50.67       -27.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3042.88       -79.16       -47.03       -50.67       -27.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       47.03 kN-m. 
           -. End Moments (My2) =       79.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -47.03 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -47.03 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.95 kN-m. 
           -. End Moments (Mz2) =       50.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -27.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -27.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       377.201 kN-m. 
           -. Mrz        =       224.125 kN-m. 
           -. Mr         =       438.762 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.125  --->  O.K ! 
           -. Muz/Mrz    =   0.125  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2498.30 kN. 
           -. Vuz    =        117.93 kN. 
           -. Muy    =       -144.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.68 
 
           -. Vuy    =         22.97 kN. 
           -. Muz    =        -23.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      117.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1660.59 kN. 
           -. phiVcz    = phi * Vcz =     1494.54 kN. 
 
           -. Vuy       =       22.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1628.80 kN. 
           -. phiVcy    = phi * Vcy =     1465.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2303.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5487.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2303.31 kN. 
           -. phiVsz   = phi*Vsz =     2072.98 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2292.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5519.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2292.39 kN. 
           -. phiVsy   = phi*Vsy =     2063.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     120.146 kN. 
           -. Vr       =    3529.074 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      133.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      133.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118132,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3059.56       -47.03       -24.90       -27.95       -13.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3059.56       -47.03       -24.90       -27.95       -13.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       24.90 kN-m. 
           -. End Moments (My2) =       47.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -24.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -24.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       13.23 kN-m. 
           -. End Moments (Mz2) =       27.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -13.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -13.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       198.620 kN-m. 
           -. Mrz        =       105.544 kN-m. 
           -. Mr         =       224.921 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.125  --->  O.K ! 
           -. Muz/Mrz    =   0.125  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2514.97 kN. 
           -. Vuz    =         81.01 kN. 
           -. Muy    =        -85.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.73 
 
           -. Vuy    =         14.28 kN. 
           -. Muz    =        -12.28 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       81.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1686.00 kN. 
           -. phiVcz    = phi * Vcz =     1517.40 kN. 
 
           -. Vuy       =       14.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1655.31 kN. 
           -. phiVcy    = phi * Vcy =     1489.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2311.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5462.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2311.78 kN. 
           -. phiVsz   = phi*Vsz =     2080.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2301.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5493.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2301.51 kN. 
           -. phiVsy   = phi*Vsy =     2071.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      82.259 kN. 
           -. Vr       =    3561.138 kN. 
           -. Ratio    = Vu / Vr = 0.023  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       91.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       91.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118133,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3076.24       -24.90       -10.99       -13.23        -4.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3076.24       -24.90       -10.99       -13.23        -4.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       10.99 kN-m. 
           -. End Moments (My2) =       24.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -10.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -10.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.86 kN-m. 
           -. End Moments (Mz2) =       13.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        87.123 kN-m. 
           -. Mrz        =        38.624 kN-m. 
           -. Mr         =        95.301 kN-m. 
           -. Pu/Pr      =   0.126  --->  O.K ! 
           -. Muy/Mry    =   0.126  --->  O.K ! 
           -. Muz/Mrz    =   0.126  --->  O.K ! 
           -. Mu/Mr      =   0.126  --->  O.K ! 
           -. Ratio      =   0.126  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2548.29 kN. 
           -. Vuz    =         50.77 kN. 
           -. Muy    =        -19.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.77 
 
           -. Vuy    =          7.64 kN. 
           -. Muz    =         -1.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.70 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       50.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1702.61 kN. 
           -. phiVcz    = phi * Vcz =     1532.35 kN. 
 
           -. Vuy       =        7.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1672.66 kN. 
           -. phiVcy    = phi * Vcy =     1505.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2317.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5445.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2317.21 kN. 
           -. phiVsz   = phi*Vsz =     2085.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2307.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5475.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2307.36 kN. 
           -. phiVsy   = phi*Vsy =     2076.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      51.344 kN. 
           -. Vr       =    3582.012 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118134,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3092.91       -10.99        -3.44        -4.86        -1.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3092.91       -10.99        -3.44        -4.86        -1.04 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.44 kN-m. 
           -. End Moments (My2) =       10.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.04 kN-m. 
           -. End Moments (Mz2) =        4.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        27.129 kN-m. 
           -. Mrz        =         8.210 kN-m. 
           -. Mr         =        28.344 kN-m. 
           -. Pu/Pr      =   0.127  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.127  --->  O.K ! 
           -. Mu/Mr      =   0.127  --->  O.K ! 
           -. Ratio      =   0.127  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        536.93 kN. 
           -. Vuz    =         30.46 kN. 
           -. Muy    =          7.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.48 
 
           -. Vuy    =          6.66 kN. 
           -. Muz    =          1.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       30.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2024.35 kN. 
           -. phiVcz    = phi * Vcz =     1821.92 kN. 
 
           -. Vuy       =        6.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2024.35 kN. 
           -. phiVcy    = phi * Vcy =     1821.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2407.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5124.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2407.52 kN. 
           -. phiVsz   = phi*Vsz =     2166.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2407.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5124.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2407.52 kN. 
           -. phiVsy   = phi*Vsy =     2166.77 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      31.179 kN. 
           -. Vr       =    3988.685 kN. 
           -. Ratio    = Vu / Vr = 0.008  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       34.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       34.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118135,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3109.58        -3.44        -0.40        -1.04        -0.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3109.58        -3.44        -0.40        -1.04        -0.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.40 kN-m. 
           -. End Moments (My2) =        3.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.40 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.40 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.14 kN-m. 
           -. End Moments (Mz2) =        1.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         3.116 kN-m. 
           -. Mrz        =         1.097 kN-m. 
           -. Mr         =         3.304 kN-m. 
           -. Pu/Pr      =   0.127  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.128  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        548.92 kN. 
           -. Vuz    =         12.66 kN. 
           -. Muy    =          0.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.51 
 
           -. Vuy    =          2.96 kN. 
           -. Muz    =          0.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       12.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2036.79 kN. 
           -. phiVcz    = phi * Vcz =     1833.11 kN. 
 
           -. Vuy       =        2.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2036.79 kN. 
           -. phiVcy    = phi * Vcy =     1833.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2410.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5111.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2410.52 kN. 
           -. phiVsz   = phi*Vsz =     2169.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2410.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5111.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2410.52 kN. 
           -. phiVsy   = phi*Vsy =     2169.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      12.999 kN. 
           -. Vr       =    4002.580 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       14.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       14.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118136,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3126.24        -0.40         0.00        -0.14         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3126.24        -0.40         0.00        -0.14         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.40 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        560.91 kN. 
           -. Vuz    =          1.88 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  29.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   4.52 
 
           -. Vuy    =          1.04 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  29.29 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   4.52 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1773 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     2043.28 kN. 
           -. phiVcz    = phi * Vcz =     1838.95 kN. 
 
           -. Vuy       =        1.04 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     2043.28 kN. 
           -. phiVcy    = phi * Vcy =     1838.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2412.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5105.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2412.08 kN. 
           -. phiVsz   = phi*Vsz =     2170.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2412.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5105.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2412.08 kN. 
           -. phiVsy   = phi*Vsy =     2170.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.148 kN. 
           -. Vr       =    4009.823 kN. 
           -. Ratio    = Vu / Vr =5.356e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        2.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        2.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118202,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            160.37      2096.51      1479.21      1808.44      1457.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      160.37      2096.51      1479.21      1808.44      1457.96 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1479.21 kN-m. 
           -. End Moments (My2) =     2096.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2096.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2096.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1457.96 kN-m. 
           -. End Moments (Mz2) =     1808.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1808.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1808.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       289.563 kN. 
           -. Mry        =      3775.537 kN-m. 
           -. Mrz        =      3264.367 kN-m. 
           -. Mr         =      4991.069 kN-m. 
           -. Pu/Pr      =   0.554  --->  O.K ! 
           -. Muy/Mry    =   0.555  --->  O.K ! 
           -. Muz/Mrz    =   0.554  --->  O.K ! 
           -. Mu/Mr      =   0.555  --->  O.K ! 
           -. Ratio      =   0.555  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2000.49 kN. 
           -. Vuz    =       1259.48 kN. 
           -. Muy    =      -2202.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.34 
 
           -. Vuy    =        567.71 kN. 
           -. Muz    =      -1245.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.24 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1259.48 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1054.95 kN. 
           -. phiVcz    = phi * Vcz =      949.46 kN. 
 
           -. Vuy       =      567.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1011.66 kN. 
           -. phiVcy    = phi * Vcy =      910.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2011.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6093.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2011.24 kN. 
           -. phiVsz   = phi*Vsz =     1810.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1980.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6136.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1980.45 kN. 
           -. phiVsy   = phi*Vsy =     1782.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1381.516 kN. 
           -. Vr       =    2692.900 kN. 
           -. Ratio    = Vu / Vr = 0.513  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1535.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1535.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0074 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0074 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0074 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118203,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            172.27      1479.21       916.04      1457.96      1131.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      172.27      1479.21       916.04      1457.96      1131.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      916.04 kN-m. 
           -. End Moments (My2) =     1479.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1479.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1479.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1131.54 kN-m. 
           -. End Moments (Mz2) =     1457.96 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1457.96 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1457.96 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       414.413 kN. 
           -. Mry        =      3569.611 kN-m. 
           -. Mrz        =      3512.570 kN-m. 
           -. Mr         =      5008.021 kN-m. 
           -. Pu/Pr      =   0.416  --->  O.K ! 
           -. Muy/Mry    =   0.414  --->  O.K ! 
           -. Muz/Mrz    =   0.415  --->  O.K ! 
           -. Mu/Mr      =   0.416  --->  O.K ! 
           -. Ratio      =   0.416  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2017.24 kN. 
           -. Vuz    =       1156.66 kN. 
           -. Muy    =      -1578.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
 
           -. Vuy    =        526.78 kN. 
           -. Muz    =       -964.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.46 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1781 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1156.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1154.38 kN. 
           -. phiVcz    = phi * Vcz =     1038.95 kN. 
 
           -. Vuy       =      526.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1111.08 kN. 
           -. phiVcy    = phi * Vcy =      999.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2075.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5994.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2075.24 kN. 
           -. phiVsz   = phi*Vsz =     1867.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2048.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6037.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2048.44 kN. 
           -. phiVsy   = phi*Vsy =     1843.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1270.971 kN. 
           -. Vr       =    2843.570 kN. 
           -. Ratio    = Vu / Vr = 0.447  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1412.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1412.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0051 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0051 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0051 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118204,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            184.17       916.04       409.62      1131.54       836.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      184.17       916.04       409.62      1131.54       836.05 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      409.62 kN-m. 
           -. End Moments (My2) =      916.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      916.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      916.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      836.05 kN-m. 
           -. End Moments (Mz2) =     1131.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1131.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1131.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       636.240 kN. 
           -. Mry        =      3170.713 kN-m. 
           -. Mrz        =      3902.861 kN-m. 
           -. Mr         =      5028.493 kN-m. 
           -. Pu/Pr      =   0.289  --->  O.K ! 
           -. Muy/Mry    =   0.289  --->  O.K ! 
           -. Muz/Mrz    =   0.290  --->  O.K ! 
           -. Mu/Mr      =   0.290  --->  O.K ! 
           -. Ratio      =   0.290  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2033.98 kN. 
           -. Vuz    =       1051.27 kN. 
           -. Muy    =      -1007.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        484.30 kN. 
           -. Muz    =       -704.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1051.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1264.50 kN. 
           -. phiVcz    = phi * Vcz =     1138.05 kN. 
 
           -. Vuy       =      484.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1222.05 kN. 
           -. phiVcy    = phi * Vcy =     1099.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2136.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5883.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2136.95 kN. 
           -. phiVsz   = phi*Vsz =     1923.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2114.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5926.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2114.18 kN. 
           -. phiVsy   = phi*Vsy =     1902.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1157.459 kN. 
           -. Vr       =    3002.609 kN. 
           -. Ratio    = Vu / Vr = 0.385  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1286.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1286.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118205,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            196.07       409.62       164.41       836.05       638.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      196.07       409.62       164.41       836.05       638.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      164.41 kN-m. 
           -. End Moments (My2) =      409.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      409.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      409.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      638.17 kN-m. 
           -. End Moments (Mz2) =      836.05 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      836.05 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      836.05 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1058.937 kN. 
           -. Mry        =      2226.263 kN-m. 
           -. Mrz        =      4542.102 kN-m. 
           -. Mr         =      5058.353 kN-m. 
           -. Pu/Pr      =   0.185  --->  O.K ! 
           -. Muy/Mry    =   0.184  --->  O.K ! 
           -. Muz/Mrz    =   0.184  --->  O.K ! 
           -. Mu/Mr      =   0.185  --->  O.K ! 
           -. Ratio      =   0.185  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2067.38 kN. 
           -. Vuz    =        944.40 kN. 
           -. Muy    =       -239.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =        440.72 kN. 
           -. Muz    =       -335.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      944.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1338.81 kN. 
           -. phiVcz    = phi * Vcz =     1204.93 kN. 
 
           -. Vuy       =      440.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1297.44 kN. 
           -. phiVcy    = phi * Vcy =     1167.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2174.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5809.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2174.07 kN. 
           -. phiVsz   = phi*Vsz =     1956.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2153.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5851.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2153.81 kN. 
           -. phiVsy   = phi*Vsy =     1938.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1042.170 kN. 
           -. Vr       =    3106.128 kN. 
           -. Ratio    = Vu / Vr = 0.336  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1157.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1157.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -322.02       212.10       323.08       489.40       578.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -322.02       212.10       323.08       489.40       578.04 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2132.282 kN. 
           -. Mry        =      2148.664 kN-m. 
           -. Mrz        =      3823.145 kN-m. 
           -. Mr         =      4385.566 kN-m. 
           -. Pu/Pr      =   0.151  --->  O.K ! 
           -. Muy/Mry    =   0.150  --->  O.K ! 
           -. Muz/Mrz    =   0.151  --->  O.K ! 
           -. Mu/Mr      =   0.151  --->  O.K ! 
           -. Ratio      =   0.151  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2084.12 kN. 
           -. Vuz    =        837.23 kN. 
           -. Muy    =       -613.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
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           -. Vuy    =        396.55 kN. 
           -. Muz    =       -259.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      837.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1376.51 kN. 
           -. phiVcz    = phi * Vcz =     1238.86 kN. 
 
           -. Vuy       =      396.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1335.85 kN. 
           -. phiVcy    = phi * Vcy =     1202.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2191.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5771.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2191.68 kN. 
           -. phiVsz   = phi*Vsz =     1972.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2172.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5812.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2172.65 kN. 
           -. phiVsy   = phi*Vsy =     1955.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     926.397 kN. 
           -. Vr       =    3157.647 kN. 
           -. Ratio    = Vu / Vr = 0.293  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1029.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1029.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118207,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2100.86      -613.42      -945.23      -259.35      -220.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2100.86      -613.42      -945.23      -259.35      -220.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      613.42 kN-m. 
           -. End Moments (My2) =      945.23 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -945.23 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -945.23 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      220.50 kN-m. 
           -. End Moments (Mz2) =      259.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -220.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -220.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10320.238 kN. 
           -. Mry        =      4682.581 kN-m. 
           -. Mrz        =      1089.750 kN-m. 
           -. Mr         =      4807.714 kN-m. 
           -. Pu/Pr      =   0.204  --->  O.K ! 
           -. Muy/Mry    =   0.202  --->  O.K ! 
           -. Muz/Mrz    =   0.202  --->  O.K ! 
           -. Mu/Mr      =   0.204  --->  O.K ! 
           -. Ratio      =   0.204  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2100.86 kN. 
           -. Vuz    =        730.98 kN. 
           -. Muy    =       -945.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =        352.28 kN. 
           -. Muz    =       -220.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      730.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1360.98 kN. 
           -. phiVcz    = phi * Vcz =     1224.89 kN. 
 
           -. Vuy       =      352.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1320.02 kN. 
           -. phiVcy    = phi * Vcy =     1188.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5787.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.52 kN. 
           -. phiVsz   = phi*Vsz =     1966.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2164.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5828.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2164.99 kN. 
           -. phiVsy   = phi*Vsy =     1948.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     811.438 kN. 
           -. Vr       =    3136.508 kN. 
           -. Ratio    = Vu / Vr = 0.259  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      901.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      901.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118208,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2117.60      -945.23     -1230.19      -220.50      -282.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2117.60      -945.23     -1230.19      -220.50      -282.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      945.23 kN-m. 
           -. End Moments (My2) =     1230.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1230.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1230.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      220.50 kN-m. 
           -. End Moments (Mz2) =      282.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -282.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -282.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8331.034 kN. 
           -. Mry        =      4874.632 kN-m. 
           -. Mrz        =      1118.398 kN-m. 
           -. Mr         =      5001.284 kN-m. 
           -. Pu/Pr      =   0.254  --->  O.K ! 
           -. Muy/Mry    =   0.252  --->  O.K ! 
           -. Muz/Mrz    =   0.253  --->  O.K ! 
           -. Mu/Mr      =   0.254  --->  O.K ! 
           -. Ratio      =   0.254  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2117.60 kN. 
           -. Vuz    =        626.88 kN. 
           -. Muy    =      -1230.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        308.46 kN. 
           -. Muz    =       -282.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      626.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1322.51 kN. 
           -. phiVcz    = phi * Vcz =     1190.26 kN. 
 
           -. Vuy       =      308.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1280.87 kN. 
           -. phiVcy    = phi * Vcy =     1152.78 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2166.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5825.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2166.21 kN. 
           -. phiVsz   = phi*Vsz =     1949.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2145.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5867.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2145.42 kN. 
           -. phiVsy   = phi*Vsy =     1930.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     698.658 kN. 
           -. Vr       =    3083.656 kN. 
           -. Ratio    = Vu / Vr = 0.227  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      776.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      776.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118209,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            255.71      1178.21      1423.79       424.70       509.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      255.71      1178.21      1423.79       424.70       509.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1178.21 kN-m. 
           -. End Moments (My2) =     1423.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1423.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1423.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      424.70 kN-m. 
           -. End Moments (Mz2) =      509.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      509.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      509.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       850.665 kN. 
           -. Mry        =      4749.548 kN-m. 
           -. Mrz        =      1706.038 kN-m. 
           -. Mr         =      5046.659 kN-m. 
           -. Pu/Pr      =   0.301  --->  O.K ! 
           -. Muy/Mry    =   0.300  --->  O.K ! 
           -. Muz/Mrz    =   0.298  --->  O.K ! 
           -. Mu/Mr      =   0.301  --->  O.K ! 
           -. Ratio      =   0.301  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2134.33 kN. 
           -. Vuz    =        526.21 kN. 
           -. Muy    =      -1468.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        265.72 kN. 
           -. Muz    =       -413.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      526.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1290.64 kN. 
           -. phiVcz    = phi * Vcz =     1161.58 kN. 
 
           -. Vuy       =      265.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1248.52 kN. 
           -. phiVcy    = phi * Vcy =     1123.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5857.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.39 kN. 
           -. phiVsz   = phi*Vsz =     1935.35 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2128.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5899.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2128.52 kN. 
           -. phiVsy   = phi*Vsy =     1915.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     589.493 kN. 
           -. Vr       =    3039.341 kN. 
           -. Ratio    = Vu / Vr = 0.194  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      654.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      654.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118210,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            267.63      1423.79      1623.81       509.23       594.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      267.63      1423.79      1623.81       509.23       594.04 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1423.79 kN-m. 
           -. End Moments (My2) =     1623.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1623.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1623.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      509.23 kN-m. 
           -. End Moments (Mz2) =      594.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      594.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      594.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       774.534 kN. 
           -. Mry        =      4730.964 kN-m. 
           -. Mrz        =      1738.323 kN-m. 
           -. Mr         =      5040.217 kN-m. 
           -. Pu/Pr      =   0.346  --->  O.K ! 
           -. Muy/Mry    =   0.343  --->  O.K ! 
           -. Muz/Mrz    =   0.342  --->  O.K ! 
           -. Mu/Mr      =   0.346  --->  O.K ! 
           -. Ratio      =   0.346  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2151.06 kN. 
           -. Vuz    =        430.22 kN. 
           -. Muy    =      -1661.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        224.57 kN. 
           -. Muz    =       -540.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      430.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1266.62 kN. 
           -. phiVcz    = phi * Vcz =     1139.95 kN. 
 
           -. Vuy       =      224.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1224.19 kN. 
           -. phiVcy    = phi * Vcy =     1101.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2138.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5881.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2138.05 kN. 
           -. phiVsz   = phi*Vsz =     1924.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2115.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5924.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2115.36 kN. 
           -. phiVsy   = phi*Vsy =     1903.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     485.310 kN. 
           -. Vr       =    3005.589 kN. 
           -. Ratio    = Vu / Vr = 0.161  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      539.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      539.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118211,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            279.55      1623.81      1781.01       594.04       667.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      279.55      1623.81      1781.01       594.04       667.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1623.81 kN-m. 
           -. End Moments (My2) =     1781.01 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1781.01 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1781.01 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      594.04 kN-m. 
           -. End Moments (Mz2) =      667.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      667.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      667.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       746.364 kN. 
           -. Mry        =      4715.064 kN-m. 
           -. Mrz        =      1774.286 kN-m. 
           -. Mr         =      5037.848 kN-m. 
           -. Pu/Pr      =   0.375  --->  O.K ! 
           -. Muy/Mry    =   0.378  --->  O.K ! 
           -. Muz/Mrz    =   0.376  --->  O.K ! 
           -. Mu/Mr      =   0.378  --->  O.K ! 
           -. Ratio      =   0.378  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        279.55 kN. 
           -. Vuz    =        326.28 kN. 
           -. Muy    =       1781.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =        261.58 kN. 
           -. Muz    =        667.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      326.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1360.34 kN. 
           -. phiVcz    = phi * Vcz =     1224.31 kN. 
 
           -. Vuy       =      261.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1360.34 kN. 
           -. phiVcy    = phi * Vcy =     1224.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5788.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.22 kN. 
           -. phiVsz   = phi*Vsz =     1965.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2184.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5788.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2184.22 kN. 
           -. phiVsy   = phi*Vsy =     1965.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     418.184 kN. 
           -. Vr       =    3190.102 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      464.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      464.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0064 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0064 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0064 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118212,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            291.47      1781.01      1901.59       667.00       727.97 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      291.47      1781.01      1901.59       667.00       727.97 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1781.01 kN-m. 
           -. End Moments (My2) =     1901.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1901.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1901.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      667.00 kN-m. 
           -. End Moments (Mz2) =      727.97 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      727.97 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      727.97 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       717.692 kN. 
           -. Mry        =      4699.478 kN-m. 
           -. Mrz        =      1808.499 kN-m. 
           -. Mr         =      5035.451 kN-m. 
           -. Pu/Pr      =   0.406  --->  O.K ! 
           -. Muy/Mry    =   0.405  --->  O.K ! 
           -. Muz/Mrz    =   0.403  --->  O.K ! 
           -. Mu/Mr      =   0.406  --->  O.K ! 
           -. Ratio      =   0.406  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        291.47 kN. 
           -. Vuz    =        243.93 kN. 
           -. Muy    =       1901.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.84 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =        217.34 kN. 
           -. Muz    =        727.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      243.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1347.60 kN. 
           -. phiVcz    = phi * Vcz =     1212.84 kN. 
 
           -. Vuy       =      217.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1347.60 kN. 
           -. phiVcy    = phi * Vcy =     1212.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2178.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5800.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2178.24 kN. 
           -. phiVsz   = phi*Vsz =     1960.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2178.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5800.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2178.24 kN. 
           -. phiVsy   = phi*Vsy =     1960.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     326.709 kN. 
           -. Vr       =    3173.256 kN. 
           -. Ratio    = Vu / Vr = 0.103  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      363.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      363.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0066 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0066 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0066 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118213,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            303.40      1901.59      1971.07       727.97       769.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      303.40      1901.59      1971.07       727.97       769.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1901.59 kN-m. 
           -. End Moments (My2) =     1971.07 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1819 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1971.07 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1971.07 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      727.97 kN-m. 
           -. End Moments (Mz2) =      769.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      769.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      769.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       717.211 kN. 
           -. Mry        =      4685.473 kN-m. 
           -. Mrz        =      1828.137 kN-m. 
           -. Mr         =      5029.487 kN-m. 
           -. Pu/Pr      =   0.423  --->  O.K ! 
           -. Muy/Mry    =   0.421  --->  O.K ! 
           -. Muz/Mrz    =   0.421  --->  O.K ! 
           -. Mu/Mr      =   0.423  --->  O.K ! 
           -. Ratio      =   0.423  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        303.40 kN. 
           -. Vuz    =        136.60 kN. 
           -. Muy    =       1971.07 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =        158.16 kN. 
           -. Muz    =        769.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.99 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      136.60 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1351.12 kN. 
           -. phiVcz    = phi * Vcz =     1216.01 kN. 
 
           -. Vuy       =      158.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1351.12 kN. 
           -. phiVcy    = phi * Vcy =     1216.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.90 kN. 
           -. phiVsz   = phi*Vsz =     1961.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2179.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5797.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2179.90 kN. 
           -. phiVsy   = phi*Vsy =     1961.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     208.985 kN. 
           -. Vr       =    3177.921 kN. 
           -. Ratio    = Vu / Vr = 0.066  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      232.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      232.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0065 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0065 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0065 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118214,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            315.33      1971.07      1978.82       769.35       787.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      315.33      1971.07      1978.82       769.35       787.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1971.07 kN-m. 
           -. End Moments (My2) =     1978.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1978.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1978.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      769.35 kN-m. 
           -. End Moments (Mz2) =      787.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      787.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      787.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       746.689 kN. 
           -. Mry        =      4675.547 kN-m. 
           -. Mrz        =      1860.180 kN-m. 
           -. Mr         =      5031.999 kN-m. 
           -. Pu/Pr      =   0.422  --->  O.K ! 
           -. Muy/Mry    =   0.423  --->  O.K ! 
           -. Muz/Mrz    =   0.423  --->  O.K ! 
           -. Mu/Mr      =   0.423  --->  O.K ! 
           -. Ratio      =   0.423  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        315.33 kN. 
           -. Vuz    =         17.14 kN. 
           -. Muy    =       1978.82 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.03 
 
           -. Vuy    =         94.74 kN. 
           -. Muz    =        787.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.03 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       17.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1367.79 kN. 
           -. phiVcz    = phi * Vcz =     1231.01 kN. 
 
           -. Vuy       =       94.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1367.79 kN. 
           -. phiVcy    = phi * Vcy =     1231.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2187.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5780.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2187.67 kN. 
           -. phiVsz   = phi*Vsz =     1968.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2187.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5780.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2187.67 kN. 
           -. phiVsy   = phi*Vsy =     1968.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      96.277 kN. 
           -. Vr       =    3199.920 kN. 
           -. Ratio    = Vu / Vr = 0.030  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      106.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      106.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0063 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0063 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0063 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118215,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            315.27      1978.82      1934.32       787.17       782.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      315.27      1978.82      1934.32       787.17       782.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1934.32 kN-m. 
           -. End Moments (My2) =     1978.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1978.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1978.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      782.83 kN-m. 
           -. End Moments (Mz2) =      787.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      787.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      787.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       746.689 kN. 
           -. Mry        =      4675.547 kN-m. 
           -. Mrz        =      1860.180 kN-m. 
           -. Mr         =      5031.999 kN-m. 
           -. Pu/Pr      =   0.422  --->  O.K ! 
           -. Muy/Mry    =   0.423  --->  O.K ! 
           -. Muz/Mrz    =   0.423  --->  O.K ! 
           -. Mu/Mr      =   0.423  --->  O.K ! 
           -. Ratio      =   0.423  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2218.01 kN. 
           -. Vuz    =        109.03 kN. 
           -. Muy    =      -1991.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
 
           -. Vuy    =         33.75 kN. 
           -. Muz    =       -856.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      109.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1245.05 kN. 
           -. phiVcz    = phi * Vcz =     1120.54 kN. 
 
           -. Vuy       =       33.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1202.38 kN. 
           -. phiVcy    = phi * Vcy =     1082.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2126.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5903.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2126.67 kN. 
           -. phiVsz   = phi*Vsz =     1914.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2103.21 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5946.11 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2103.21 kN. 
           -. phiVsy   = phi*Vsy =     1892.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     114.131 kN. 
           -. Vr       =    2975.028 kN. 
           -. Ratio    = Vu / Vr = 0.038  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      126.81 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      126.81 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118216,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            327.20      1934.32      1846.93       782.83       758.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      327.20      1934.32      1846.93       782.83       758.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1846.93 kN-m. 
           -. End Moments (My2) =     1934.32 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1934.32 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1934.32 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      758.61 kN-m. 
           -. End Moments (Mz2) =      782.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      782.83 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      782.83 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       786.411 kN. 
           -. Mry        =      4667.270 kN-m. 
           -. Mrz        =      1889.899 kN-m. 
           -. Mr         =      5035.388 kN-m. 
           -. Pu/Pr      =   0.416  --->  O.K ! 
           -. Muy/Mry    =   0.414  --->  O.K ! 
           -. Muz/Mrz    =   0.414  --->  O.K ! 
           -. Mu/Mr      =   0.416  --->  O.K ! 
           -. Ratio      =   0.416  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2234.73 kN. 
           -. Vuz    =        189.16 kN. 
           -. Muy    =      -1942.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =         43.97 kN. 
           -. Muz    =       -867.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      189.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1239.15 kN. 
           -. phiVcz    = phi * Vcz =     1115.23 kN. 
 
           -. Vuy       =       43.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1196.42 kN. 
           -. phiVcy    = phi * Vcy =     1076.78 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.50 kN. 
           -. phiVsz   = phi*Vsz =     1911.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2099.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5952.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2099.83 kN. 
           -. phiVsy   = phi*Vsy =     1889.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     194.201 kN. 
           -. Vr       =    2966.624 kN. 
           -. Ratio    = Vu / Vr = 0.065  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      215.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      215.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1834 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118217,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            339.14      1846.93      1726.54       758.61       718.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      339.14      1846.93      1726.54       758.61       718.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1726.54 kN-m. 
           -. End Moments (My2) =     1846.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1846.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1846.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      718.44 kN-m. 
           -. End Moments (Mz2) =      758.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      758.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      758.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       861.366 kN. 
           -. Mry        =      4663.179 kN-m. 
           -. Mrz        =      1916.780 kN-m. 
           -. Mr         =      5041.754 kN-m. 
           -. Pu/Pr      =   0.394  --->  O.K ! 
           -. Muy/Mry    =   0.396  --->  O.K ! 
           -. Muz/Mrz    =   0.396  --->  O.K ! 
           -. Mu/Mr      =   0.396  --->  O.K ! 
           -. Ratio      =   0.396  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2251.44 kN. 
           -. Vuz    =        250.75 kN. 
           -. Muy    =      -1850.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =         77.26 kN. 
           -. Muz    =       -853.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      250.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1242.86 kN. 
           -. phiVcz    = phi * Vcz =     1118.57 kN. 
 
           -. Vuy       =       77.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1200.17 kN. 
           -. phiVcy    = phi * Vcy =     1080.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2125.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5905.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2125.50 kN. 
           -. phiVsz   = phi*Vsz =     1912.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2101.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5948.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2101.96 kN. 
           -. phiVsy   = phi*Vsy =     1891.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     262.382 kN. 
           -. Vr       =    2971.914 kN. 
           -. Ratio    = Vu / Vr = 0.088  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      291.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      291.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118218,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            351.08      1726.54      1582.73       718.44       666.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      351.08      1726.54      1582.73       718.44       666.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1582.73 kN-m. 
           -. End Moments (My2) =     1726.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1726.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1726.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      666.41 kN-m. 
           -. End Moments (Mz2) =      718.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      718.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      718.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       947.984 kN. 
           -. Mry        =      4661.070 kN-m. 
           -. Mrz        =      1941.017 kN-m. 
           -. Mr         =      5049.072 kN-m. 
           -. Pu/Pr      =   0.370  --->  O.K ! 
           -. Muy/Mry    =   0.370  --->  O.K ! 
           -. Muz/Mrz    =   0.370  --->  O.K ! 
           -. Mu/Mr      =   0.370  --->  O.K ! 
           -. Ratio      =   0.370  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2268.14 kN. 
           -. Vuz    =        294.03 kN. 
           -. Muy    =      -1727.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        105.22 kN. 
           -. Muz    =       -819.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      294.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1255.49 kN. 
           -. phiVcz    = phi * Vcz =     1129.94 kN. 
 
           -. Vuy       =      105.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1212.93 kN. 
           -. phiVcy    = phi * Vcy =     1091.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2132.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5893.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2132.22 kN. 
           -. phiVsz   = phi*Vsz =     1919.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2109.13 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5935.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2109.13 kN. 
           -. phiVsy   = phi*Vsy =     1898.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     312.290 kN. 
           -. Vr       =    2989.852 kN. 
           -. Ratio    = Vu / Vr = 0.104  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      346.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      346.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118219,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2284.85     -1580.93     -1420.87      -768.40      -706.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2284.85     -1580.93     -1420.87      -768.40      -706.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1420.87 kN-m. 
           -. End Moments (My2) =     1580.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1580.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1580.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      706.36 kN-m. 
           -. End Moments (Mz2) =      768.40 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -768.40 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -768.40 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      6759.736 kN. 
           -. Mry        =      4638.328 kN-m. 
           -. Mrz        =      2263.540 kN-m. 
           -. Mr         =      5161.173 kN-m. 
           -. Pu/Pr      =   0.338  --->  O.K ! 
           -. Muy/Mry    =   0.341  --->  O.K ! 
           -. Muz/Mrz    =   0.339  --->  O.K ! 
           -. Mu/Mr      =   0.341  --->  O.K ! 
           -. Ratio      =   0.341  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2284.85 kN. 
           -. Vuz    =        320.64 kN. 
           -. Muy    =      -1580.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.82 
 
           -. Vuy    =        125.69 kN. 
           -. Muz    =       -768.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.73 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1845 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      320.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1275.68 kN. 
           -. phiVcz    = phi * Vcz =     1148.11 kN. 
 
           -. Vuy       =      125.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1233.36 kN. 
           -. phiVcy    = phi * Vcy =     1110.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2142.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5872.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2142.75 kN. 
           -. phiVsz   = phi*Vsz =     1928.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2120.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5915.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2120.37 kN. 
           -. phiVsy   = phi*Vsy =     1908.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     344.400 kN. 
           -. Vr       =    3018.360 kN. 
           -. Ratio    = Vu / Vr = 0.114  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      382.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      382.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118220,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2301.55     -1420.87     -1255.29      -706.36      -637.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2301.55     -1420.87     -1255.29      -706.36      -637.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1255.29 kN-m. 
           -. End Moments (My2) =     1420.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1420.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1420.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      637.29 kN-m. 
           -. End Moments (Mz2) =      706.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -706.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -706.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1848 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7421.418 kN. 
           -. Mry        =      4570.436 kN-m. 
           -. Mrz        =      2280.317 kN-m. 
           -. Mr         =      5107.713 kN-m. 
           -. Pu/Pr      =   0.310  --->  O.K ! 
           -. Muy/Mry    =   0.311  --->  O.K ! 
           -. Muz/Mrz    =   0.310  --->  O.K ! 
           -. Mu/Mr      =   0.311  --->  O.K ! 
           -. Ratio      =   0.311  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2301.55 kN. 
           -. Vuz    =        331.51 kN. 
           -. Muy    =      -1420.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        138.50 kN. 
           -. Muz    =       -706.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      331.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1302.28 kN. 
           -. phiVcz    = phi * Vcz =     1172.06 kN. 
 
           -. Vuy       =      138.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1260.33 kN. 
           -. phiVcy    = phi * Vcy =     1134.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5846.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.24 kN. 
           -. phiVsz   = phi*Vsz =     1940.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2134.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5888.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2134.77 kN. 
           -. phiVsy   = phi*Vsy =     1921.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     359.278 kN. 
           -. Vr       =    3055.585 kN. 
           -. Ratio    = Vu / Vr = 0.118  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      399.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      399.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118221,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2318.25     -1255.29     -1091.53      -637.29      -565.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2318.25     -1255.29     -1091.53      -637.29      -565.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1091.53 kN-m. 
           -. End Moments (My2) =     1255.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1255.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1255.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      565.12 kN-m. 
           -. End Moments (Mz2) =      637.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -637.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -637.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8267.977 kN. 
           -. Mry        =      4468.922 kN-m. 
           -. Mrz        =      2265.063 kN-m. 
           -. Mr         =      5010.167 kN-m. 
           -. Pu/Pr      =   0.280  --->  O.K ! 
           -. Muy/Mry    =   0.281  --->  O.K ! 
           -. Muz/Mrz    =   0.281  --->  O.K ! 
           -. Mu/Mr      =   0.281  --->  O.K ! 
           -. Ratio      =   0.281  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2318.25 kN. 
           -. Vuz    =        328.00 kN. 
           -. Muy    =      -1255.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        144.49 kN. 
           -. Muz    =       -637.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      328.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1334.08 kN. 
           -. phiVcz    = phi * Vcz =     1200.67 kN. 
 
           -. Vuy       =      144.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1292.63 kN. 
           -. phiVcy    = phi * Vcy =     1163.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2171.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5814.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2171.80 kN. 
           -. phiVsz   = phi*Vsz =     1954.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2151.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5855.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2151.39 kN. 
           -. phiVsy   = phi*Vsy =     1936.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     358.414 kN. 
           -. Vr       =    3099.615 kN. 
           -. Ratio    = Vu / Vr = 0.116  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      398.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      398.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118222,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2334.95     -1091.53      -935.67      -565.12      -493.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2334.95     -1091.53      -935.67      -565.12      -493.33 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      935.67 kN-m. 
           -. End Moments (My2) =     1091.53 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1091.53 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1091.53 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      493.33 kN-m. 
           -. End Moments (Mz2) =      565.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -565.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -565.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9261.491 kN. 
           -. Mry        =      4348.209 kN-m. 
           -. Mrz        =      2248.161 kN-m. 
           -. Mr         =      4895.012 kN-m. 
           -. Pu/Pr      =   0.252  --->  O.K ! 
           -. Muy/Mry    =   0.251  --->  O.K ! 
           -. Muz/Mrz    =   0.251  --->  O.K ! 
           -. Mu/Mr      =   0.252  --->  O.K ! 
           -. Ratio      =   0.252  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2334.95 kN. 
           -. Vuz    =        312.05 kN. 
           -. Muy    =      -1091.53 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.03 
 
           -. Vuy    =        143.67 kN. 
           -. Muz    =       -565.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.94 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      312.05 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1369.81 kN. 
           -. phiVcz    = phi * Vcz =     1232.83 kN. 
 
           -. Vuy       =      143.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1329.01 kN. 
           -. phiVcy    = phi * Vcy =     1196.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2188.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5778.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2188.60 kN. 
           -. phiVsz   = phi*Vsz =     1969.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2169.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5819.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2169.36 kN. 
           -. phiVsy   = phi*Vsy =     1952.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.534 kN. 
           -. Vr       =    3148.534 kN. 
           -. Ratio    = Vu / Vr = 0.109  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      381.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      381.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118223,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2351.64      -935.67      -792.24      -493.33      -424.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2351.64      -935.67      -792.24      -493.33      -424.74 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      792.24 kN-m. 
           -. End Moments (My2) =      935.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -935.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -935.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      424.74 kN-m. 
           -. End Moments (Mz2) =      493.33 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -493.33 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -493.33 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10559.230 kN. 
           -. Mry        =      4235.113 kN-m. 
           -. Mrz        =      2230.924 kN-m. 
           -. Mr         =      4786.774 kN-m. 
           -. Pu/Pr      =   0.223  --->  O.K ! 
           -. Muy/Mry    =   0.221  --->  O.K ! 
           -. Muz/Mrz    =   0.221  --->  O.K ! 
           -. Mu/Mr      =   0.223  --->  O.K ! 
           -. Ratio      =   0.223  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2351.64 kN. 
           -. Vuz    =        287.06 kN. 
           -. Muy    =       -935.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.12 
 
           -. Vuy    =        137.26 kN. 
           -. Muz    =       -493.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.03 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      287.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1407.87 kN. 
           -. phiVcz    = phi * Vcz =     1267.09 kN. 
 
           -. Vuy       =      137.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1367.89 kN. 
           -. phiVcy    = phi * Vcy =     1231.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2205.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5740.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2205.76 kN. 
           -. phiVsz   = phi*Vsz =     1985.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2187.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5780.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2187.72 kN. 
           -. phiVsy   = phi*Vsy =     1968.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     318.189 kN. 
           -. Vr       =    3200.048 kN. 
           -. Ratio    = Vu / Vr = 0.099  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      353.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      353.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118224,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2368.34      -792.24      -660.35      -424.74      -360.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2368.34      -792.24      -660.35      -424.74      -360.04 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      660.35 kN-m. 
           -. End Moments (My2) =      792.24 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -792.24 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -792.24 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      360.04 kN-m. 
           -. End Moments (Mz2) =      424.74 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -424.74 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -424.74 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12174.970 kN. 
           -. Mry        =      4074.639 kN-m. 
           -. Mrz        =      2183.747 kN-m. 
           -. Mr         =      4622.925 kN-m. 
           -. Pu/Pr      =   0.195  --->  O.K ! 
           -. Muy/Mry    =   0.194  --->  O.K ! 
           -. Muz/Mrz    =   0.194  --->  O.K ! 
           -. Mu/Mr      =   0.195  --->  O.K ! 
           -. Ratio      =   0.195  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2368.34 kN. 
           -. Vuz    =        263.90 kN. 
           -. Muy    =       -792.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.20 
 
           -. Vuy    =        129.45 kN. 
           -. Muz    =       -424.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.11 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      263.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1445.13 kN. 
           -. phiVcz    = phi * Vcz =     1300.61 kN. 
 
           -. Vuy       =      129.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1406.04 kN. 
           -. phiVcy    = phi * Vcy =     1265.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2221.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5703.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2221.85 kN. 
           -. phiVsz   = phi*Vsz =     1999.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2204.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5742.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2204.95 kN. 
           -. phiVsy   = phi*Vsy =     1984.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     293.936 kN. 
           -. Vr       =    3249.893 kN. 
           -. Ratio    = Vu / Vr = 0.090  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      326.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      326.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118225,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2385.02      -660.35      -541.67      -360.04      -300.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2385.02      -660.35      -541.67      -360.04      -300.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      541.67 kN-m. 
           -. End Moments (My2) =      660.35 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -660.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -660.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      300.38 kN-m. 
           -. End Moments (Mz2) =      360.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -360.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -360.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13921.428 kN. 
           -. Mry        =      3885.963 kN-m. 
           -. Mrz        =      2118.288 kN-m. 
           -. Mr         =      4425.817 kN-m. 
           -. Pu/Pr      =   0.171  --->  O.K ! 
           -. Muy/Mry    =   0.170  --->  O.K ! 
           -. Muz/Mrz    =   0.170  --->  O.K ! 
           -. Mu/Mr      =   0.171  --->  O.K ! 
           -. Ratio      =   0.171  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2385.02 kN. 
           -. Vuz    =        237.42 kN. 
           -. Muy    =       -660.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.28 
 
           -. Vuy    =        119.35 kN. 
           -. Muz    =       -360.04 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.20 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      237.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1482.39 kN. 
           -. phiVcz    = phi * Vcz =     1334.15 kN. 
 
           -. Vuy       =      119.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1444.30 kN. 
           -. phiVcy    = phi * Vcy =     1299.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2237.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5666.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2237.30 kN. 
           -. phiVsz   = phi*Vsz =     2013.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2221.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5704.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2221.50 kN. 
           -. phiVsy   = phi*Vsy =     1999.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     265.729 kN. 
           -. Vr       =    3299.227 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      295.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      295.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118226,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2401.71      -541.67      -437.15      -300.38      -246.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2401.71      -541.67      -437.15      -300.38      -246.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      437.15 kN-m. 
           -. End Moments (My2) =      541.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -541.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -541.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      246.54 kN-m. 
           -. End Moments (Mz2) =      300.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -300.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -300.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16049.507 kN. 
           -. Mry        =      3625.259 kN-m. 
           -. Mrz        =      1998.063 kN-m. 
           -. Mr         =      4139.416 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.150  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2401.71 kN. 
           -. Vuz    =        209.09 kN. 
           -. Muy    =       -541.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.00 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.36 
 
           -. Vuy    =        107.71 kN. 
           -. Muz    =       -300.38 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.28 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      209.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1518.67 kN. 
           -. phiVcz    = phi * Vcz =     1366.80 kN. 
 
           -. Vuy       =      107.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1481.66 kN. 
           -. phiVcy    = phi * Vcy =     1333.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2251.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5629.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2251.75 kN. 
           -. phiVsz   = phi*Vsz =     2026.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2237.00 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5666.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2237.00 kN. 
           -. phiVsy   = phi*Vsy =     2013.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     235.204 kN. 
           -. Vr       =    3346.800 kN. 
           -. Ratio    = Vu / Vr = 0.070  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      261.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      261.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118227,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2418.39      -437.15      -346.26      -246.54      -198.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2418.39      -437.15      -346.26      -246.54      -198.57 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      346.26 kN-m. 
           -. End Moments (My2) =      437.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1875 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -437.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -437.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      198.57 kN-m. 
           -. End Moments (Mz2) =      246.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -246.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -246.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18142.982 kN. 
           -. Mry        =      3302.013 kN-m. 
           -. Mrz        =      1862.461 kN-m. 
           -. Mr         =      3791.049 kN-m. 
           -. Pu/Pr      =   0.133  --->  O.K ! 
           -. Muy/Mry    =   0.132  --->  O.K ! 
           -. Muz/Mrz    =   0.132  --->  O.K ! 
           -. Mu/Mr      =   0.133  --->  O.K ! 
           -. Ratio      =   0.133  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2418.39 kN. 
           -. Vuz    =        181.82 kN. 
           -. Muy    =       -437.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.44 
 
           -. Vuy    =         95.95 kN. 
           -. Muz    =       -246.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.36 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      181.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1552.66 kN. 
           -. phiVcz    = phi * Vcz =     1397.39 kN. 
 
           -. Vuy       =       95.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1516.76 kN. 
           -. phiVcy    = phi * Vcy =     1365.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2264.79 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5595.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2264.79 kN. 
           -. phiVsz   = phi*Vsz =     2038.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2251.00 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5631.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2251.00 kN. 
           -. phiVsy   = phi*Vsy =     2025.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.583 kN. 
           -. Vr       =    3390.989 kN. 
           -. Ratio    = Vu / Vr = 0.061  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      228.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      228.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118228,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2978.42      -149.05      -113.98      -228.44      -175.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2978.42      -149.05      -113.98      -228.44      -175.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      113.98 kN-m. 
           -. End Moments (My2) =      149.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -149.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -149.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      175.90 kN-m. 
           -. End Moments (Mz2) =      228.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -228.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -228.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1880 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24240.127 kN. 
           -. Mry        =      1220.456 kN-m. 
           -. Mrz        =      1869.270 kN-m. 
           -. Mr         =      2232.416 kN-m. 
           -. Pu/Pr      =   0.123  --->  O.K ! 
           -. Muy/Mry    =   0.122  --->  O.K ! 
           -. Muz/Mrz    =   0.122  --->  O.K ! 
           -. Mu/Mr      =   0.123  --->  O.K ! 
           -. Ratio      =   0.123  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2435.07 kN. 
           -. Vuz    =        163.67 kN. 
           -. Muy    =       -346.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.50 
 
           -. Vuy    =         87.83 kN. 
           -. Muz    =       -198.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.87 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.42 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      163.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1582.02 kN. 
           -. phiVcz    = phi * Vcz =     1423.81 kN. 
 
           -. Vuy       =       87.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1547.14 kN. 
           -. phiVcy    = phi * Vcy =     1392.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2275.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5566.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2275.69 kN. 
           -. phiVsz   = phi*Vsz =     2048.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2262.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5601.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2262.71 kN. 
           -. phiVsy   = phi*Vsy =     2036.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     185.750 kN. 
           -. Vr       =    3428.866 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      206.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      206.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3011.78      -113.98       -82.54      -175.90      -128.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3011.78      -113.98       -82.54      -175.90      -128.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       82.54 kN-m. 
           -. End Moments (My2) =      113.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -82.54 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -82.54 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      128.51 kN-m. 
           -. End Moments (Mz2) =      175.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -128.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -128.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       668.803 kN-m. 
           -. Mrz        =      1041.361 kN-m. 
           -. Mr         =      1237.631 kN-m. 
           -. Pu/Pr      =   0.123  --->  O.K ! 
           -. Muy/Mry    =   0.123  --->  O.K ! 
           -. Muz/Mrz    =   0.123  --->  O.K ! 
           -. Mu/Mr      =   0.123  --->  O.K ! 
           -. Ratio      =   0.123  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2451.75 kN. 
           -. Vuz    =        146.64 kN. 
           -. Muy    =       -264.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.56 
 
           -. Vuy    =         79.97 kN. 
           -. Muz    =       -154.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.49 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      146.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1609.51 kN. 
           -. phiVcz    = phi * Vcz =     1448.56 kN. 
 
           -. Vuy       =       79.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1575.66 kN. 
           -. phiVcy    = phi * Vcy =     1418.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2285.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5538.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2285.60 kN. 
           -. phiVsz   = phi*Vsz =     2057.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2273.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5572.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2273.36 kN. 
           -. phiVsy   = phi*Vsy =     2046.02 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     167.029 kN. 
           -. Vr       =    3464.115 kN. 
           -. Ratio    = Vu / Vr = 0.048  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      185.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      185.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3028.48       -82.54       -54.44      -128.51       -85.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3028.48       -82.54       -54.44      -128.51       -85.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       54.44 kN-m. 
           -. End Moments (My2) =       82.54 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -54.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -54.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       85.86 kN-m. 
           -. End Moments (Mz2) =      128.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -85.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -85.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       438.707 kN-m. 
           -. Mrz        =       691.889 kN-m. 
           -. Mr         =       819.253 kN-m. 
           -. Pu/Pr      =   0.124  --->  O.K ! 
           -. Muy/Mry    =   0.124  --->  O.K ! 
           -. Muz/Mrz    =   0.124  --->  O.K ! 
           -. Mu/Mr      =   0.124  --->  O.K ! 
           -. Ratio      =   0.124  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2468.43 kN. 
           -. Vuz    =        131.14 kN. 
           -. Muy    =       -191.13 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.62 
 
           -. Vuy    =         72.62 kN. 
           -. Muz    =       -114.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      131.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1634.92 kN. 
           -. phiVcz    = phi * Vcz =     1471.43 kN. 
 
           -. Vuy       =       72.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1602.07 kN. 
           -. phiVcy    = phi * Vcy =     1441.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2294.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5513.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2294.52 kN. 
           -. phiVsz   = phi*Vsz =     2065.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2282.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5546.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2282.95 kN. 
           -. phiVsy   = phi*Vsy =     2054.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     149.904 kN. 
           -. Vr       =    3496.515 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      166.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      166.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118231,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3045.17       -54.44       -32.03       -85.86       -51.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3045.17       -54.44       -32.03       -85.86       -51.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       32.03 kN-m. 
           -. End Moments (My2) =       54.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -32.03 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -32.03 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       51.46 kN-m. 
           -. End Moments (Mz2) =       85.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -51.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -51.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       256.773 kN-m. 
           -. Mrz        =       412.383 kN-m. 
           -. Mr         =       485.790 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.125  --->  O.K ! 
           -. Muz/Mrz    =   0.125  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2485.10 kN. 
           -. Vuz    =        104.51 kN. 
           -. Muy    =       -125.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.42 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.68 
 
           -. Vuy    =         59.61 kN. 
           -. Muz    =        -78.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      104.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1661.79 kN. 
           -. phiVcz    = phi * Vcz =     1495.61 kN. 
 
           -. Vuy       =       59.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1630.05 kN. 
           -. phiVcy    = phi * Vcy =     1467.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2303.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5486.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2303.71 kN. 
           -. phiVsz   = phi*Vsz =     2073.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2292.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5518.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2292.83 kN. 
           -. phiVsy   = phi*Vsy =     2063.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     120.314 kN. 
           -. Vr       =    3530.590 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      133.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      133.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118232,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3061.86       -32.03       -16.79       -51.46       -27.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3061.86       -32.03       -16.79       -51.46       -27.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       16.79 kN-m. 
           -. End Moments (My2) =       32.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -16.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -16.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.61 kN-m. 
           -. End Moments (Mz2) =       51.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -27.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -27.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       133.857 kN-m. 
           -. Mrz        =       220.016 kN-m. 
           -. Mr         =       257.536 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.125  --->  O.K ! 
           -. Muz/Mrz    =   0.125  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2501.77 kN. 
           -. Vuz    =         70.94 kN. 
           -. Muy    =        -73.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.73 
 
           -. Vuy    =         42.66 kN. 
           -. Muz    =        -48.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.67 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       70.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1687.16 kN. 
           -. phiVcz    = phi * Vcz =     1518.44 kN. 
 
           -. Vuy       =       42.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1656.51 kN. 
           -. phiVcy    = phi * Vcy =     1490.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2312.16 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5461.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2312.16 kN. 
           -. phiVsz   = phi*Vsz =     2080.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2301.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5491.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2301.92 kN. 
           -. phiVsy   = phi*Vsy =     2071.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      82.777 kN. 
           -. Vr       =    3562.595 kN. 
           -. Ratio    = Vu / Vr = 0.023  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       91.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       91.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118233,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3078.54       -16.79        -7.34       -27.61       -12.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3078.54       -16.79        -7.34       -27.61       -12.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.34 kN-m. 
           -. End Moments (My2) =       16.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       12.44 kN-m. 
           -. End Moments (Mz2) =       27.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -12.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -12.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        58.211 kN-m. 
           -. Mrz        =        98.593 kN-m. 
           -. Mr         =       114.495 kN-m. 
           -. Pu/Pr      =   0.126  --->  O.K ! 
           -. Muy/Mry    =   0.126  --->  O.K ! 
           -. Muz/Mrz    =   0.126  --->  O.K ! 
           -. Mu/Mr      =   0.126  --->  O.K ! 
           -. Ratio      =   0.126  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2535.09 kN. 
           -. Vuz    =         43.68 kN. 
           -. Muy    =        -16.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.77 
 
           -. Vuy    =         28.33 kN. 
           -. Muz    =        -13.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.71 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       43.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1703.98 kN. 
           -. phiVcz    = phi * Vcz =     1533.58 kN. 
 
           -. Vuy       =       28.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1674.09 kN. 
           -. phiVcy    = phi * Vcy =     1506.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2317.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5444.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2317.66 kN. 
           -. phiVsz   = phi*Vsz =     2085.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2307.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5474.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2307.84 kN. 
           -. phiVsy   = phi*Vsy =     2077.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      52.066 kN. 
           -. Vr       =    3583.733 kN. 
           -. Ratio    = Vu / Vr = 0.015  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118234,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3095.21        -7.34        -2.31       -12.44        -4.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3095.21        -7.34        -2.31       -12.44        -4.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.31 kN-m. 
           -. End Moments (My2) =        7.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.06 kN-m. 
           -. End Moments (Mz2) =       12.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        18.198 kN-m. 
           -. Mrz        =        31.993 kN-m. 
           -. Mr         =        36.807 kN-m. 
           -. Pu/Pr      =   0.127  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.127  --->  O.K ! 
           -. Mu/Mr      =   0.127  --->  O.K ! 
           -. Ratio      =   0.127  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2551.75 kN. 
           -. Vuz    =         22.89 kN. 
           -. Muy    =         -4.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.79 
 
           -. Vuy    =         16.72 kN. 
           -. Muz    =         -4.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.73 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       22.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1714.45 kN. 
           -. phiVcz    = phi * Vcz =     1543.01 kN. 
 
           -. Vuy       =       16.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1685.05 kN. 
           -. phiVcy    = phi * Vcy =     1516.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2321.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5434.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2321.03 kN. 
           -. phiVsz   = phi*Vsz =     2088.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2311.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5463.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2311.47 kN. 
           -. phiVsy   = phi*Vsy =     2080.32 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      28.343 kN. 
           -. Vr       =    3596.864 kN. 
           -. Ratio    = Vu / Vr = 0.008  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       31.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       31.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1906 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118235,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3111.88        -2.31        -0.31        -4.06        -0.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3111.88        -2.31        -0.31        -4.06        -0.57 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.31 kN-m. 
           -. End Moments (My2) =        2.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.57 kN-m. 
           -. End Moments (Mz2) =        4.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.57 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.57 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         2.415 kN-m. 
           -. Mrz        =         4.487 kN-m. 
           -. Mr         =         5.096 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.128  --->  O.K ! 
           -. Muz/Mrz    =   0.127  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2568.42 kN. 
           -. Vuz    =          8.59 kN. 
           -. Muy    =         -0.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.81 
 
           -. Vuy    =          7.85 kN. 
           -. Muz    =         -0.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.75 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        8.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1721.24 kN. 
           -. phiVcz    = phi * Vcz =     1549.11 kN. 
 
           -. Vuy       =        7.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1692.15 kN. 
           -. phiVcy    = phi * Vcy =     1522.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2323.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5427.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2323.20 kN. 
           -. phiVsz   = phi*Vsz =     2090.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2313.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5456.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2313.80 kN. 
           -. phiVsy   = phi*Vsy =     2082.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      11.635 kN. 
           -. Vr       =    3605.357 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       12.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       12.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =118236,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3128.54        -0.31         0.00        -0.57         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3128.54        -0.31         0.00        -0.57         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.57 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2585.07 kN. 
           -. Vuz    =          0.76 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.75 
 
           -. Vuy    =          1.74 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.30 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        0.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1695.32 kN. 
           -. phiVcz    = phi * Vcz =     1525.79 kN. 
 
           -. Vuy       =        1.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1695.32 kN. 
           -. phiVcy    = phi * Vcy =     1525.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2314.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5453.16 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2314.84 kN. 
           -. phiVsz   = phi*Vsz =     2083.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2314.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5453.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2314.84 kN. 
           -. phiVsy   = phi*Vsy =     2083.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       1.899 kN. 
           -. Vr       =    3609.148 kN. 
           -. Ratio    = Vu / Vr =5.260e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        2.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        2.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129002,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1710.66       699.78       626.77      1598.70      1326.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1710.66       699.78       626.77      1598.70      1326.00 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2313.458 kN. 
           -. Mry        =       929.631 kN-m. 
           -. Mrz        =      2144.886 kN-m. 
           -. Mr         =      2337.680 kN-m. 
           -. Pu/Pr      =   0.739  --->  O.K ! 
           -. Muy/Mry    =   0.753  --->  O.K ! 
           -. Muz/Mrz    =   0.745  --->  O.K ! 
           -. Mu/Mr      =   0.753  --->  O.K ! 
           -. Ratio      =   0.753  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2890.65 kN. 
           -. Vuz    =        359.65 kN. 
           -. Muy    =       -663.70 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  35.12 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.08 
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           -. Vuy    =        569.18 kN. 
           -. Muz    =      -1635.19 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  35.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   1.94 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      359.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      651.36 kN. 
           -. phiVcz    = phi * Vcz =      586.22 kN. 
 
           -. Vuy       =      569.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      608.22 kN. 
           -. phiVcy    = phi * Vcy =      547.40 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      546.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4312.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      546.38 kN. 
           -. phiVsz   = phi*Vsz =      491.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      531.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4356.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      531.16 kN. 
           -. phiVsy   = phi*Vsy =      478.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     673.284 kN. 
           -. Vr       =    1025.439 kN. 
           -. Ratio    = Vu / Vr = 0.657  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      531.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      546.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129003,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1702.75       626.77       562.42      1326.00      1069.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1702.75       626.77       562.42      1326.00      1069.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2633.233 kN. 
           -. Mry        =       964.871 kN-m. 
           -. Mrz        =      2046.992 kN-m. 
           -. Mr         =      2262.996 kN-m. 
           -. Pu/Pr      =   0.647  --->  O.K ! 
           -. Muy/Mry    =   0.650  --->  O.K ! 
           -. Muz/Mrz    =   0.648  --->  O.K ! 
           -. Mu/Mr      =   0.650  --->  O.K ! 
           -. Ratio      =   0.650  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2902.64 kN. 
           -. Vuz    =        322.29 kN. 
           -. Muy    =       -600.97 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  34.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.19 
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           -. Vuy    =        535.22 kN. 
           -. Muz    =      -1355.07 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  35.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.06 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      322.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      688.53 kN. 
           -. phiVcz    = phi * Vcz =      619.68 kN. 
 
           -. Vuy       =      535.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      644.78 kN. 
           -. phiVcy    = phi * Vcy =      580.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      558.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4275.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      558.36 kN. 
           -. phiVsz   = phi*Vsz =      502.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      544.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4319.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      544.16 kN. 
           -. phiVsy   = phi*Vsy =      489.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     624.770 kN. 
           -. Vr       =    1070.047 kN. 
           -. Ratio    = Vu / Vr = 0.584  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      544.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      558.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129004,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1694.83       562.42       507.68      1069.63       830.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1694.83       562.42       507.68      1069.63       830.72 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3047.573 kN. 
           -. Mry        =      1016.045 kN-m. 
           -. Mrz        =      1913.377 kN-m. 
           -. Mr         =      2166.416 kN-m. 
           -. Pu/Pr      =   0.556  --->  O.K ! 
           -. Muy/Mry    =   0.554  --->  O.K ! 
           -. Muz/Mrz    =   0.559  --->  O.K ! 
           -. Mu/Mr      =   0.559  --->  O.K ! 
           -. Ratio      =   0.559  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2914.61 kN. 
           -. Vuz    =        284.77 kN. 
           -. Muy    =       -545.91 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.32 
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           -. Vuy    =        499.18 kN. 
           -. Muz    =      -1091.81 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  34.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      284.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      727.45 kN. 
           -. phiVcz    = phi * Vcz =      654.70 kN. 
 
           -. Vuy       =      499.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      683.29 kN. 
           -. phiVcy    = phi * Vcy =      614.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      569.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4236.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      569.91 kN. 
           -. phiVsz   = phi*Vsz =      512.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      556.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4280.93 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      556.73 kN. 
           -. phiVsy   = phi*Vsy =      501.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     574.693 kN. 
           -. Vr       =    1116.021 kN. 
           -. Ratio    = Vu / Vr = 0.515  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      556.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      569.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129005,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1686.90       507.68       467.10       830.72       610.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1686.90       507.68       467.10       830.72       610.33 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3525.264 kN. 
           -. Mry        =      1060.678 kN-m. 
           -. Mrz        =      1740.224 kN-m. 
           -. Mr         =      2037.994 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.479  --->  O.K ! 
           -. Muz/Mrz    =   0.477  --->  O.K ! 
           -. Mu/Mr      =   0.479  --->  O.K ! 
           -. Ratio      =   0.479  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2926.58 kN. 
           -. Vuz    =        247.57 kN. 
           -. Muy    =       -499.45 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.45 
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           -. Vuy    =        461.46 kN. 
           -. Muz    =       -846.57 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  34.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.30 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      247.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      767.39 kN. 
           -. phiVcz    = phi * Vcz =      690.65 kN. 
 
           -. Vuy       =      461.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      723.06 kN. 
           -. phiVcy    = phi * Vcy =      650.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      580.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4196.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      580.84 kN. 
           -. phiVsz   = phi*Vsz =      522.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      568.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4241.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      568.66 kN. 
           -. phiVsy   = phi*Vsy =      511.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     523.676 kN. 
           -. Vr       =    1162.546 kN. 
           -. Ratio    = Vu / Vr = 0.450  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      568.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      580.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=1.4572e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=1.5117e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =1.5117e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129006,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1678.95       467.10       446.12       610.33       409.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1678.95       467.10       446.12       610.33       409.76 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4122.176 kN. 
           -. Mry        =      1149.704 kN-m. 
           -. Mrz        =      1495.109 kN-m. 
           -. Mr         =      1886.046 kN-m. 
           -. Pu/Pr      =   0.407  --->  O.K ! 
           -. Muy/Mry    =   0.406  --->  O.K ! 
           -. Muz/Mrz    =   0.408  --->  O.K ! 
           -. Mu/Mr      =   0.408  --->  O.K ! 
           -. Ratio      =   0.408  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2938.53 kN. 
           -. Vuz    =        211.22 kN. 
           -. Muy    =       -466.14 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
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           -. Vuy    =        422.54 kN. 
           -. Muz    =       -620.40 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.43 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      211.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      806.65 kN. 
           -. phiVcz    = phi * Vcz =      725.98 kN. 
 
           -. Vuy       =      422.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      762.40 kN. 
           -. phiVcy    = phi * Vcy =      686.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      590.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4157.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      590.78 kN. 
           -. phiVsz   = phi*Vsz =      531.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      579.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4201.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      579.53 kN. 
           -. phiVsy   = phi*Vsy =      521.57 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     472.388 kN. 
           -. Vr       =    1207.730 kN. 
           -. Ratio    = Vu / Vr = 0.391  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      524.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      524.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0009 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129007,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -541.96       911.43       954.57       432.88       350.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -541.96       911.43       954.57       432.88       350.72 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1347.949 kN. 
           -. Mry        =      2392.052 kN-m. 
           -. Mrz        =       879.068 kN-m. 
           -. Mr         =      2548.465 kN-m. 
           -. Pu/Pr      =   0.402  --->  O.K ! 
           -. Muy/Mry    =   0.399  --->  O.K ! 
           -. Muz/Mrz    =   0.399  --->  O.K ! 
           -. Mu/Mr      =   0.402  --->  O.K ! 
           -. Ratio      =   0.402  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2950.46 kN. 
           -. Vuz    =        176.23 kN. 
           -. Muy    =       -451.45 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.68 
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           -. Vuy    =        382.92 kN. 
           -. Muz    =       -414.63 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      176.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      841.78 kN. 
           -. phiVcz    = phi * Vcz =      757.60 kN. 
 
           -. Vuy       =      382.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      797.80 kN. 
           -. phiVcy    = phi * Vcy =      718.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      599.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4122.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      599.06 kN. 
           -. phiVsz   = phi*Vsz =      539.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      588.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4166.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      588.61 kN. 
           -. phiVsy   = phi*Vsy =      529.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     421.526 kN. 
           -. Vr       =    1247.761 kN. 
           -. Ratio    = Vu / Vr = 0.338  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      468.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      468.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0016 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129008,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -533.79       954.57       982.40       350.72       301.65 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -533.79       954.57       982.40       350.72       301.65 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1939 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1333.958 kN. 
           -. Mry        =      2437.334 kN-m. 
           -. Mrz        =       752.555 kN-m. 
           -. Mr         =      2550.870 kN-m. 
           -. Pu/Pr      =   0.400  --->  O.K ! 
           -. Muy/Mry    =   0.403  --->  O.K ! 
           -. Muz/Mrz    =   0.401  --->  O.K ! 
           -. Mu/Mr      =   0.403  --->  O.K ! 
           -. Ratio      =   0.403  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2962.39 kN. 
           -. Vuz    =        143.25 kN. 
           -. Muy    =       -456.92 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
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           -. Vuy    =        343.16 kN. 
           -. Muz    =       -233.26 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.87 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      143.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      867.18 kN. 
           -. phiVcz    = phi * Vcz =      780.46 kN. 
 
           -. Vuy       =      343.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      823.51 kN. 
           -. phiVcy    = phi * Vcy =      741.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      604.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4097.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      604.73 kN. 
           -. phiVsz   = phi*Vsz =      544.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      594.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4140.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      594.82 kN. 
           -. phiVsy   = phi*Vsy =      535.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     371.861 kN. 
           -. Vr       =    1276.504 kN. 
           -. Ratio    = Vu / Vr = 0.291  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      413.18 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      413.18 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129009,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -525.62       982.40       994.98       301.65       312.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -525.62       982.40       994.98       301.65       312.35 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1280.973 kN. 
           -. Mry        =      2442.634 kN-m. 
           -. Mrz        =       771.917 kN-m. 
           -. Mr         =      2561.702 kN-m. 
           -. Pu/Pr      =   0.410  --->  O.K ! 
           -. Muy/Mry    =   0.407  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.410  --->  O.K ! 
           -. Ratio      =   0.410  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2985.87 kN. 
           -. Vuz    =        113.60 kN. 
           -. Muy    =       -502.04 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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           -. Vuy    =        303.83 kN. 
           -. Muz    =       -252.06 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      113.60 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      862.62 kN. 
           -. phiVcz    = phi * Vcz =      776.36 kN. 
 
           -. Vuy       =      303.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      818.89 kN. 
           -. phiVcy    = phi * Vcy =      737.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      603.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4101.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      603.73 kN. 
           -. phiVsz   = phi*Vsz =      543.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      593.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4145.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      593.73 kN. 
           -. phiVsy   = phi*Vsy =      534.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     324.372 kN. 
           -. Vr       =    1271.359 kN. 
           -. Ratio    = Vu / Vr = 0.255  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      360.41 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      360.41 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0020 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129010,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -525.77       994.98       990.90       312.35       326.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -525.77       994.98       990.90       312.35       326.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1280.973 kN. 
           -. Mry        =      2442.634 kN-m. 
           -. Mrz        =       771.917 kN-m. 
           -. Mr         =      2561.702 kN-m. 
           -. Pu/Pr      =   0.410  --->  O.K ! 
           -. Muy/Mry    =   0.407  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.410  --->  O.K ! 
           -. Ratio      =   0.410  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2997.76 kN. 
           -. Vuz    =         96.92 kN. 
           -. Muy    =       -523.58 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.72 
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           -. Vuy    =        265.49 kN. 
           -. Muz    =       -357.86 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.58 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      853.52 kN. 
           -. phiVcz    = phi * Vcz =      768.17 kN. 
 
           -. Vuy       =      265.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      809.68 kN. 
           -. phiVcy    = phi * Vcy =      728.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      601.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4110.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      601.71 kN. 
           -. phiVsz   = phi*Vsz =      541.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      591.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4154.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      591.52 kN. 
           -. phiVsy   = phi*Vsy =      532.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     282.633 kN. 
           -. Vr       =    1261.074 kN. 
           -. Ratio    = Vu / Vr = 0.224  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      314.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      314.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129011,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -517.58       990.90       971.74       326.18       337.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -517.58       990.90       971.74       326.18       337.46 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1278.165 kN. 
           -. Mry        =      2431.613 kN-m. 
           -. Mrz        =       806.194 kN-m. 
           -. Mr         =      2561.775 kN-m. 
           -. Pu/Pr      =   0.405  --->  O.K ! 
           -. Muy/Mry    =   0.408  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.408  --->  O.K ! 
           -. Ratio      =   0.408  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3009.65 kN. 
           -. Vuz    =         89.33 kN. 
           -. Muy    =       -538.37 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.69 
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           -. Vuy    =        228.74 kN. 
           -. Muz    =       -449.91 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       89.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      844.93 kN. 
           -. phiVcz    = phi * Vcz =      760.44 kN. 
 
           -. Vuy       =      228.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      800.98 kN. 
           -. phiVcy    = phi * Vcy =      720.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      599.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4119.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      599.78 kN. 
           -. phiVsz   = phi*Vsz =      539.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      589.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4163.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      589.39 kN. 
           -. phiVsy   = phi*Vsy =      530.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     245.564 kN. 
           -. Vr       =    1251.335 kN. 
           -. Ratio    = Vu / Vr = 0.196  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      272.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      272.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129012,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -509.39       971.74       938.91       337.46       346.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -509.39       971.74       938.91       337.46       346.55 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1276.165 kN. 
           -. Mry        =      2418.049 kN-m. 
           -. Mrz        =       846.307 kN-m. 
           -. Mr         =      2561.874 kN-m. 
           -. Pu/Pr      =   0.399  --->  O.K ! 
           -. Muy/Mry    =   0.402  --->  O.K ! 
           -. Muz/Mrz    =   0.399  --->  O.K ! 
           -. Mu/Mr      =   0.402  --->  O.K ! 
           -. Ratio      =   0.402  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3021.52 kN. 
           -. Vuz    =         82.98 kN. 
           -. Muy    =       -544.90 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =        194.10 kN. 
           -. Muz    =       -528.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       82.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      838.07 kN. 
           -. phiVcz    = phi * Vcz =      754.26 kN. 
 
           -. Vuy       =      194.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      794.05 kN. 
           -. phiVcy    = phi * Vcy =      714.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      598.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4126.16 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      598.21 kN. 
           -. phiVsz   = phi*Vsz =      538.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      587.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4170.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      587.67 kN. 
           -. phiVsy   = phi*Vsy =      528.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     211.088 kN. 
           -. Vr       =    1243.549 kN. 
           -. Ratio    = Vu / Vr = 0.170  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      234.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      234.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0016 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129013,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1614.66       520.43       509.73       542.83       594.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1614.66       520.43       509.73       542.83       594.83 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3968.565 kN. 
           -. Mry        =      1258.496 kN-m. 
           -. Mrz        =      1466.152 kN-m. 
           -. Mr         =      1932.204 kN-m. 
           -. Pu/Pr      =   0.407  --->  O.K ! 
           -. Muy/Mry    =   0.405  --->  O.K ! 
           -. Muz/Mrz    =   0.406  --->  O.K ! 
           -. Mu/Mr      =   0.407  --->  O.K ! 
           -. Ratio      =   0.407  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1900.03 kN. 
           -. Vuz    =        128.02 kN. 
           -. Muy    =       -963.38 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
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           -. Vuy    =         95.53 kN. 
           -. Muz    =       -331.72 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      128.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      873.05 kN. 
           -. phiVcz    = phi * Vcz =      785.75 kN. 
 
           -. Vuy       =       95.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      829.48 kN. 
           -. phiVcy    = phi * Vcy =      746.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      606.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4091.17 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      606.00 kN. 
           -. phiVsz   = phi*Vsz =      545.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      596.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4134.75 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      596.22 kN. 
           -. phiVsy   = phi*Vsy =      536.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     159.737 kN. 
           -. Vr       =    1283.131 kN. 
           -. Ratio    = Vu / Vr = 0.124  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      177.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      177.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129014,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1606.61       509.73       485.39       594.83       621.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1606.61       509.73       485.39       594.83       621.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1963 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3944.285 kN. 
           -. Mry        =      1189.693 kN-m. 
           -. Mrz        =      1526.261 kN-m. 
           -. Mr         =      1935.159 kN-m. 
           -. Pu/Pr      =   0.407  --->  O.K ! 
           -. Muy/Mry    =   0.408  --->  O.K ! 
           -. Muz/Mrz    =   0.407  --->  O.K ! 
           -. Mu/Mr      =   0.408  --->  O.K ! 
           -. Ratio      =   0.408  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1911.72 kN. 
           -. Vuz    =        153.51 kN. 
           -. Muy    =       -908.76 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         72.50 kN. 
           -. Muz    =       -331.91 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      153.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      881.20 kN. 
           -. phiVcz    = phi * Vcz =      793.08 kN. 
 
           -. Vuy       =       72.50 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      837.75 kN. 
           -. phiVcy    = phi * Vcy =      753.98 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      607.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4083.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      607.74 kN. 
           -. phiVsz   = phi*Vsz =      546.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      598.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4126.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      598.14 kN. 
           -. phiVsy   = phi*Vsy =      538.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     169.770 kN. 
           -. Vr       =    1292.305 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      188.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      188.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129015,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1606.88       485.39       450.39       621.18       625.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1606.88       485.39       450.39       621.18       625.15 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3944.285 kN. 
           -. Mry        =      1189.693 kN-m. 
           -. Mrz        =      1526.261 kN-m. 
           -. Mr         =      1935.159 kN-m. 
           -. Pu/Pr      =   0.407  --->  O.K ! 
           -. Muy/Mry    =   0.408  --->  O.K ! 
           -. Muz/Mrz    =   0.407  --->  O.K ! 
           -. Mu/Mr      =   0.408  --->  O.K ! 
           -. Ratio      =   0.408  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1923.40 kN. 
           -. Vuz    =        172.86 kN. 
           -. Muy    =       -836.41 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.20 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         52.79 kN. 
           -. Muz    =       -325.45 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      172.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      893.26 kN. 
           -. phiVcz    = phi * Vcz =      803.93 kN. 
 
           -. Vuy       =       52.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      850.03 kN. 
           -. phiVcy    = phi * Vcy =      765.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      610.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4070.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      610.28 kN. 
           -. phiVsz   = phi*Vsz =      549.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      600.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4114.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      600.93 kN. 
           -. phiVsy   = phi*Vsy =      540.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     180.741 kN. 
           -. Vr       =    1305.866 kN. 
           -. Ratio    = Vu / Vr = 0.138  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      200.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      200.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129016,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1598.80       450.39       407.84       625.15       610.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1598.80       450.39       407.84       625.15       610.43 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3975.080 kN. 
           -. Mry        =      1122.629 kN-m. 
           -. Mrz        =      1560.513 kN-m. 
           -. Mr         =      1922.368 kN-m. 
           -. Pu/Pr      =   0.402  --->  O.K ! 
           -. Muy/Mry    =   0.401  --->  O.K ! 
           -. Muz/Mrz    =   0.401  --->  O.K ! 
           -. Mu/Mr      =   0.402  --->  O.K ! 
           -. Ratio      =   0.402  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1935.09 kN. 
           -. Vuz    =        184.83 kN. 
           -. Muy    =       -751.85 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
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           -. Vuy    =         48.67 kN. 
           -. Muz    =       -313.07 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      184.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      908.60 kN. 
           -. phiVcz    = phi * Vcz =      817.74 kN. 
 
           -. Vuy       =       48.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      865.68 kN. 
           -. phiVcy    = phi * Vcy =      779.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      613.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4055.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      613.43 kN. 
           -. phiVsz   = phi*Vsz =      552.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      604.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4098.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      604.40 kN. 
           -. phiVsy   = phi*Vsy =      543.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     191.131 kN. 
           -. Vr       =    1323.069 kN. 
           -. Ratio    = Vu / Vr = 0.144  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      212.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      212.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129017,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1590.72       407.84       360.74       610.43       580.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1590.72       407.84       360.74       610.43       580.82 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4080.120 kN. 
           -. Mry        =      1050.560 kN-m. 
           -. Mrz        =      1572.327 kN-m. 
           -. Mr         =      1891.002 kN-m. 
           -. Pu/Pr      =   0.390  --->  O.K ! 
           -. Muy/Mry    =   0.388  --->  O.K ! 
           -. Muz/Mrz    =   0.388  --->  O.K ! 
           -. Mu/Mr      =   0.390  --->  O.K ! 
           -. Ratio      =   0.390  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1946.76 kN. 
           -. Vuz    =        188.55 kN. 
           -. Muy    =       -660.31 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
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           -. Vuy    =         53.19 kN. 
           -. Muz    =       -295.79 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      188.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      927.17 kN. 
           -. phiVcz    = phi * Vcz =      834.45 kN. 
 
           -. Vuy       =       53.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      884.67 kN. 
           -. phiVcy    = phi * Vcy =      796.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      617.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4037.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      617.13 kN. 
           -. phiVsz   = phi*Vsz =      555.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      608.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4079.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      608.48 kN. 
           -. phiVsy   = phi*Vsy =      547.63 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     195.905 kN. 
           -. Vr       =    1343.835 kN. 
           -. Ratio    = Vu / Vr = 0.146  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      217.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      217.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
2.1652e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
1.5729e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-1.5729e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129018,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1582.62       360.74       311.82       580.82       540.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1582.62       360.74       311.82       580.82       540.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4261.142 kN. 
           -. Mry        =       974.789 kN-m. 
           -. Mrz        =      1562.757 kN-m. 
           -. Mr         =      1841.853 kN-m. 
           -. Pu/Pr      =   0.371  --->  O.K ! 
           -. Muy/Mry    =   0.370  --->  O.K ! 
           -. Muz/Mrz    =   0.372  --->  O.K ! 
           -. Mu/Mr      =   0.372  --->  O.K ! 
           -. Ratio      =   0.372  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1958.43 kN. 
           -. Vuz    =        184.53 kN. 
           -. Muy    =       -566.50 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
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           -. Vuy    =         56.20 kN. 
           -. Muz    =       -274.76 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.89 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      184.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      948.57 kN. 
           -. phiVcz    = phi * Vcz =      853.71 kN. 
 
           -. Vuy       =       56.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      906.63 kN. 
           -. phiVcy    = phi * Vcy =      815.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      621.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4015.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      621.26 kN. 
           -. phiVsz   = phi*Vsz =      559.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      613.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4057.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      613.03 kN. 
           -. phiVsy   = phi*Vsy =      551.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     192.900 kN. 
           -. Vr       =    1367.688 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1981 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      214.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      214.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0004 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129019,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1574.51       311.82       263.51       540.09       491.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1574.51       311.82       263.51       540.09       491.81 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4486.855 kN. 
           -. Mry        =       889.750 kN-m. 
           -. Mrz        =      1541.083 kN-m. 
           -. Mr         =      1779.492 kN-m. 
           -. Pu/Pr      =   0.351  --->  O.K ! 
           -. Muy/Mry    =   0.350  --->  O.K ! 
           -. Muz/Mrz    =   0.350  --->  O.K ! 
           -. Mu/Mr      =   0.351  --->  O.K ! 
           -. Ratio      =   0.351  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1970.09 kN. 
           -. Vuz    =        173.85 kN. 
           -. Muy    =       -474.53 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.10 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         57.47 kN. 
           -. Muz    =       -251.12 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.97 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      173.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      971.91 kN. 
           -. phiVcz    = phi * Vcz =      874.72 kN. 
 
           -. Vuy       =       57.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      930.65 kN. 
           -. phiVcy    = phi * Vcy =      837.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      625.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3992.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      625.59 kN. 
           -. phiVsz   = phi*Vsz =      563.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      617.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4033.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      617.81 kN. 
           -. phiVsy   = phi*Vsy =      556.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     183.104 kN. 
           -. Vr       =    1393.618 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      203.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      203.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129020,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1566.39       263.51       217.81       491.81       439.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1566.39       263.51       217.81       491.81       439.30 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4801.988 kN. 
           -. Mry        =       792.252 kN-m. 
           -. Mrz        =      1497.092 kN-m. 
           -. Mr         =      1693.797 kN-m. 
           -. Pu/Pr      =   0.326  --->  O.K ! 
           -. Muy/Mry    =   0.333  --->  O.K ! 
           -. Muz/Mrz    =   0.329  --->  O.K ! 
           -. Mu/Mr      =   0.333  --->  O.K ! 
           -. Ratio      =   0.333  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1981.75 kN. 
           -. Vuz    =        157.79 kN. 
           -. Muy    =       -387.81 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.18 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         56.92 kN. 
           -. Muz    =       -226.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.05 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      157.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      996.23 kN. 
           -. phiVcz    = phi * Vcz =      896.61 kN. 
 
           -. Vuy       =       56.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      955.79 kN. 
           -. phiVcy    = phi * Vcy =      860.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      629.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3967.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      629.93 kN. 
           -. phiVsz   = phi*Vsz =      566.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      622.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4008.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      622.61 kN. 
           -. phiVsy   = phi*Vsy =      560.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     167.746 kN. 
           -. Vr       =    1420.568 kN. 
           -. Ratio    = Vu / Vr = 0.118  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      186.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      186.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129021,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1558.25       217.81       176.36       439.30       385.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1558.25       217.81       176.36       439.30       385.50 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5091.886 kN. 
           -. Mry        =       712.011 kN-m. 
           -. Mrz        =      1445.362 kN-m. 
           -. Mr         =      1611.220 kN-m. 
           -. Pu/Pr      =   0.306  --->  O.K ! 
           -. Muy/Mry    =   0.306  --->  O.K ! 
           -. Muz/Mrz    =   0.304  --->  O.K ! 
           -. Mu/Mr      =   0.306  --->  O.K ! 
           -. Ratio      =   0.306  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3116.24 kN. 
           -. Vuz    =         87.79 kN. 
           -. Muy    =       -229.54 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 1992 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        106.06 kN. 
           -. Muz    =       -428.13 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       87.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      896.08 kN. 
           -. phiVcz    = phi * Vcz =      806.47 kN. 
 
           -. Vuy       =      106.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      852.90 kN. 
           -. phiVcy    = phi * Vcy =      767.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      610.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4068.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      610.86 kN. 
           -. phiVsz   = phi*Vsz =      549.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      601.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4111.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      601.58 kN. 
           -. phiVsy   = phi*Vsy =      541.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     137.675 kN. 
           -. Vr       =    1309.030 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      152.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      152.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129022,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1550.10       176.36       140.38       385.50       332.97 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1550.10       176.36       140.38       385.50       332.97 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5479.769 kN. 
           -. Mry        =       627.354 kN-m. 
           -. Mrz        =      1355.392 kN-m. 
           -. Mr         =      1493.539 kN-m. 
           -. Pu/Pr      =   0.283  --->  O.K ! 
           -. Muy/Mry    =   0.281  --->  O.K ! 
           -. Muz/Mrz    =   0.284  --->  O.K ! 
           -. Mu/Mr      =   0.284  --->  O.K ! 
           -. Ratio      =   0.284  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3127.99 kN. 
           -. Vuz    =         76.18 kN. 
           -. Muy    =       -185.97 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        103.23 kN. 
           -. Muz    =       -375.78 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       76.18 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      911.00 kN. 
           -. phiVcz    = phi * Vcz =      819.90 kN. 
 
           -. Vuy       =      103.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      868.13 kN. 
           -. phiVcy    = phi * Vcy =      781.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      613.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4053.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      613.91 kN. 
           -. phiVsz   = phi*Vsz =      552.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      604.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4096.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      604.93 kN. 
           -. phiVsy   = phi*Vsy =      544.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     128.294 kN. 
           -. Vr       =    1325.756 kN. 
           -. Ratio    = Vu / Vr = 0.097  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      142.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      142.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129023,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1541.94       140.38       109.73       332.97       283.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1541.94       140.38       109.73       332.97       283.32 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5861.311 kN. 
           -. Mry        =       544.593 kN-m. 
           -. Mrz        =      1265.411 kN-m. 
           -. Mr         =      1377.624 kN-m. 
           -. Pu/Pr      =   0.263  --->  O.K ! 
           -. Muy/Mry    =   0.258  --->  O.K ! 
           -. Muz/Mrz    =   0.263  --->  O.K ! 
           -. Mu/Mr      =   0.263  --->  O.K ! 
           -. Ratio      =   0.263  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3139.72 kN. 
           -. Vuz    =         64.93 kN. 
           -. Muy    =       -148.11 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
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           -. Vuy    =         97.38 kN. 
           -. Muz    =       -324.65 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.29 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       64.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      925.81 kN. 
           -. phiVcz    = phi * Vcz =      833.23 kN. 
 
           -. Vuy       =       97.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      883.28 kN. 
           -. phiVcy    = phi * Vcy =      794.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      616.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4038.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      616.86 kN. 
           -. phiVsz   = phi*Vsz =      555.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      608.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4080.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      608.18 kN. 
           -. phiVsy   = phi*Vsy =      547.37 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     117.043 kN. 
           -. Vr       =    1342.316 kN. 
           -. Ratio    = Vu / Vr = 0.087  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      130.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      130.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129024,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1533.77       109.73        83.64       283.32       237.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1533.77       109.73        83.64       283.32       237.11 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -6314.842 kN. 
           -. Mry        =       453.077 kN-m. 
           -. Mrz        =      1154.275 kN-m. 
           -. Mr         =      1240.012 kN-m. 
           -. Pu/Pr      =   0.243  --->  O.K ! 
           -. Muy/Mry    =   0.242  --->  O.K ! 
           -. Muz/Mrz    =   0.245  --->  O.K ! 
           -. Mu/Mr      =   0.245  --->  O.K ! 
           -. Ratio      =   0.245  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3151.44 kN. 
           -. Vuz    =         55.30 kN. 
           -. Muy    =       -115.83 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         90.55 kN. 
           -. Muz    =       -276.30 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       55.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      939.84 kN. 
           -. phiVcz    = phi * Vcz =      845.86 kN. 
 
           -. Vuy       =       90.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      897.66 kN. 
           -. phiVcy    = phi * Vcy =      807.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      619.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4024.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      619.59 kN. 
           -. phiVsz   = phi*Vsz =      557.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      611.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4066.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      611.19 kN. 
           -. phiVsy   = phi*Vsy =      550.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     106.099 kN. 
           -. Vr       =    1357.969 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      117.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      117.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129025,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1525.58        83.64        62.13       237.11       195.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1525.58        83.64        62.13       237.11       195.08 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -6731.584 kN. 
           -. Mry        =       369.455 kN-m. 
           -. Mrz        =      1040.861 kN-m. 
           -. Mr         =      1104.485 kN-m. 
           -. Pu/Pr      =   0.227  --->  O.K ! 
           -. Muy/Mry    =   0.226  --->  O.K ! 
           -. Muz/Mrz    =   0.228  --->  O.K ! 
           -. Mu/Mr      =   0.228  --->  O.K ! 
           -. Ratio      =   0.228  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3163.15 kN. 
           -. Vuz    =         45.64 kN. 
           -. Muy    =        -88.35 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         82.28 kN. 
           -. Muz    =       -231.28 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       45.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      953.23 kN. 
           -. phiVcz    = phi * Vcz =      857.91 kN. 
 
           -. Vuy       =       82.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      911.42 kN. 
           -. phiVcy    = phi * Vcy =      820.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      622.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4010.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      622.13 kN. 
           -. phiVsz   = phi*Vsz =      559.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      614.00 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4052.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      614.00 kN. 
           -. phiVsy   = phi*Vsy =      552.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      94.089 kN. 
           -. Vr       =    1372.877 kN. 
           -. Ratio    = Vu / Vr = 0.069  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      104.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      104.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129026,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1517.38        62.13        45.05       195.08       157.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1517.38        62.13        45.05       195.08       157.70 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -7152.228 kN. 
           -. Mry        =       295.886 kN-m. 
           -. Mrz        =       915.893 kN-m. 
           -. Mr         =       962.501 kN-m. 
           -. Pu/Pr      =   0.212  --->  O.K ! 
           -. Muy/Mry    =   0.210  --->  O.K ! 
           -. Muz/Mrz    =   0.213  --->  O.K ! 
           -. Mu/Mr      =   0.213  --->  O.K ! 
           -. Ratio      =   0.213  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3174.84 kN. 
           -. Vuz    =         36.30 kN. 
           -. Muy    =        -65.67 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
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           -. Vuy    =         73.13 kN. 
           -. Muz    =       -190.33 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       36.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      965.66 kN. 
           -. phiVcz    = phi * Vcz =      869.09 kN. 
 
           -. Vuy       =       73.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      924.21 kN. 
           -. phiVcy    = phi * Vcy =      831.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      624.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3998.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      624.45 kN. 
           -. phiVsz   = phi*Vsz =      562.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      616.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4040.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      616.55 kN. 
           -. phiVsy   = phi*Vsy =      554.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      81.647 kN. 
           -. Vr       =    1386.687 kN. 
           -. Ratio    = Vu / Vr = 0.059  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       90.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       90.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129027,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1509.17        45.05        31.37       157.70       124.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1509.17        45.05        31.37       157.70       124.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -7549.327 kN. 
           -. Mry        =       226.303 kN-m. 
           -. Mrz        =       797.464 kN-m. 
           -. Mr         =       828.952 kN-m. 
           -. Pu/Pr      =   0.200  --->  O.K ! 
           -. Muy/Mry    =   0.199  --->  O.K ! 
           -. Muz/Mrz    =   0.198  --->  O.K ! 
           -. Mu/Mr      =   0.200  --->  O.K ! 
           -. Ratio      =   0.200  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3186.52 kN. 
           -. Vuz    =         29.15 kN. 
           -. Muy    =        -47.65 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.11 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         65.33 kN. 
           -. Muz    =       -153.89 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.98 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       29.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      976.48 kN. 
           -. phiVcz    = phi * Vcz =      878.83 kN. 
 
           -. Vuy       =       65.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      935.37 kN. 
           -. phiVcy    = phi * Vcy =      841.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      626.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3987.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      626.42 kN. 
           -. phiVsz   = phi*Vsz =      563.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      618.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4028.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      618.73 kN. 
           -. phiVsy   = phi*Vsy =      556.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      71.544 kN. 
           -. Vr       =    1398.687 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       79.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       79.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129028,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1500.94        31.37        20.15       124.28        93.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1500.94        31.37        20.15       124.28        93.93 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2019 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -7991.994 kN. 
           -. Mry        =       159.349 kN-m. 
           -. Mrz        =       659.543 kN-m. 
           -. Mr         =       678.520 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.197  --->  O.K ! 
           -. Muz/Mrz    =   0.188  --->  O.K ! 
           -. Mu/Mr      =   0.197  --->  O.K ! 
           -. Ratio      =   0.197  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3198.19 kN. 
           -. Vuz    =         24.16 kN. 
           -. Muy    =        -33.20 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.14 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         59.35 kN. 
           -. Muz    =       -121.31 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       24.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      985.78 kN. 
           -. phiVcz    = phi * Vcz =      887.20 kN. 
 
           -. Vuy       =       59.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      944.98 kN. 
           -. phiVcy    = phi * Vcy =      850.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      628.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3978.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      628.09 kN. 
           -. phiVsz   = phi*Vsz =      565.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      620.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4019.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      620.57 kN. 
           -. phiVsy   = phi*Vsy =      558.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      64.085 kN. 
           -. Vr       =    1408.996 kN. 
           -. Ratio    = Vu / Vr = 0.045  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       71.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       71.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129029,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3221.41       -21.34       -13.29       -91.71       -64.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3221.41       -21.34       -13.29       -91.71       -64.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.29 kN-m. 
           -. End Moments (My2) =       21.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       64.94 kN-m. 
           -. End Moments (Mz2) =       91.71 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -64.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -64.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        70.335 kN-m. 
           -. Mrz        =       346.103 kN-m. 
           -. Mr         =       353.177 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.189  --->  O.K ! 
           -. Muz/Mrz    =   0.188  --->  O.K ! 
           -. Mu/Mr      =   0.189  --->  O.K ! 
           -. Ratio      =   0.189  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3209.85 kN. 
           -. Vuz    =         19.87 kN. 
           -. Muy    =        -21.34 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.17 
 
           -. Vuy    =         53.69 kN. 
           -. Muz    =        -91.71 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       19.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      994.17 kN. 
           -. phiVcz    = phi * Vcz =      894.75 kN. 
 
           -. Vuy       =       53.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      953.66 kN. 
           -. phiVcy    = phi * Vcy =      858.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      629.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3970.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      629.57 kN. 
           -. phiVsz   = phi*Vsz =      566.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      622.21 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4010.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      622.21 kN. 
           -. phiVsy   = phi*Vsy =      559.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      57.251 kN. 
           -. Vr       =    1418.286 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       63.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       63.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129030,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3233.06       -13.29        -8.75       -64.94       -40.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3233.06       -13.29        -8.75       -64.94       -40.77 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.75 kN-m. 
           -. End Moments (My2) =       13.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       40.77 kN-m. 
           -. End Moments (Mz2) =       64.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -40.77 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -40.77 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        46.279 kN-m. 
           -. Mrz        =       216.501 kN-m. 
           -. Mr         =       221.392 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.189  --->  O.K ! 
           -. Muz/Mrz    =   0.188  --->  O.K ! 
           -. Mu/Mr      =   0.189  --->  O.K ! 
           -. Ratio      =   0.189  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3221.49 kN. 
           -. Vuz    =         16.33 kN. 
           -. Muy    =        -13.29 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.19 
 
           -. Vuy    =         48.51 kN. 
           -. Muz    =        -64.94 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.06 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2029 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       16.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1001.57 kN. 
           -. phiVcz    = phi * Vcz =      901.41 kN. 
 
           -. Vuy       =       48.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      961.32 kN. 
           -. phiVcy    = phi * Vcy =      865.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      630.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3962.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      630.86 kN. 
           -. phiVsz   = phi*Vsz =      567.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      623.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4002.91 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      623.64 kN. 
           -. phiVsy   = phi*Vsy =      561.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      51.181 kN. 
           -. Vr       =    1426.469 kN. 
           -. Ratio    = Vu / Vr = 0.036  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       56.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       56.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0048 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129031,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3244.69        -8.75        -5.83       -40.77       -23.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3244.69        -8.75        -5.83       -40.77       -23.28 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.83 kN-m. 
           -. End Moments (My2) =        8.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       23.28 kN-m. 
           -. End Moments (Mz2) =       40.77 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -23.28 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -23.28 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        30.791 kN-m. 
           -. Mrz        =       123.137 kN-m. 
           -. Mr         =       126.928 kN-m. 
           -. Pu/Pr      =   0.189  --->  O.K ! 
           -. Muy/Mry    =   0.189  --->  O.K ! 
           -. Muz/Mrz    =   0.189  --->  O.K ! 
           -. Mu/Mr      =   0.189  --->  O.K ! 
           -. Ratio      =   0.189  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3233.12 kN. 
           -. Vuz    =          8.39 kN. 
           -. Muy    =         -8.75 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.22 
 
           -. Vuy    =         35.09 kN. 
           -. Muz    =        -40.77 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.09 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        8.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1009.94 kN. 
           -. phiVcz    = phi * Vcz =      908.95 kN. 
 
           -. Vuy       =       35.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      970.01 kN. 
           -. phiVcy    = phi * Vcy =      873.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      632.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3954.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      632.31 kN. 
           -. phiVsz   = phi*Vsz =      569.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      625.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3994.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      625.24 kN. 
           -. phiVsy   = phi*Vsy =      562.72 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      36.082 kN. 
           -. Vr       =    1435.724 kN. 
           -. Ratio    = Vu / Vr = 0.025  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       40.09 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       40.09 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129032,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3256.30        -5.83        -3.98       -23.28       -11.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3256.30        -5.83        -3.98       -23.28       -11.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.98 kN-m. 
           -. End Moments (My2) =        5.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.98 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.98 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       11.46 kN-m. 
           -. End Moments (Mz2) =       23.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -11.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -11.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        20.999 kN-m. 
           -. Mrz        =        60.434 kN-m. 
           -. Mr         =        63.978 kN-m. 
           -. Pu/Pr      =   0.190  --->  O.K ! 
           -. Muy/Mry    =   0.190  --->  O.K ! 
           -. Muz/Mrz    =   0.190  --->  O.K ! 
           -. Mu/Mr      =   0.190  --->  O.K ! 
           -. Ratio      =   0.190  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3244.74 kN. 
           -. Vuz    =          4.96 kN. 
           -. Muy    =         -5.83 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
 
           -. Vuy    =         23.67 kN. 
           -. Muz    =        -23.28 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.11 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1015.94 kN. 
           -. phiVcz    = phi * Vcz =      914.35 kN. 
 
           -. Vuy       =       23.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      976.24 kN. 
           -. phiVcy    = phi * Vcy =      878.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      633.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3948.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      633.33 kN. 
           -. phiVsz   = phi*Vsz =      570.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      626.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3987.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      626.37 kN. 
           -. phiVsy   = phi*Vsy =      563.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      24.184 kN. 
           -. Vr       =    1442.352 kN. 
           -. Ratio    = Vu / Vr = 0.017  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       26.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       26.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0051 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0051 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0051 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129033,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3267.91        -3.98        -2.38       -11.46        -4.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3267.91        -3.98        -2.38       -11.46        -4.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.38 kN-m. 
           -. End Moments (My2) =        3.98 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.32 kN-m. 
           -. End Moments (Mz2) =       11.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        12.530 kN-m. 
           -. Mrz        =        22.689 kN-m. 
           -. Mr         =        25.919 kN-m. 
           -. Pu/Pr      =   0.190  --->  O.K ! 
           -. Muy/Mry    =   0.190  --->  O.K ! 
           -. Muz/Mrz    =   0.191  --->  O.K ! 
           -. Mu/Mr      =   0.191  --->  O.K ! 
           -. Ratio      =   0.191  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3267.91 kN. 
           -. Vuz    =          3.71 kN. 
           -. Muy    =         -2.38 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.25 
 
           -. Vuy    =         14.30 kN. 
           -. Muz    =         -4.32 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.12 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.71 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1019.18 kN. 
           -. phiVcz    = phi * Vcz =      917.26 kN. 
 
           -. Vuy       =       14.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      979.60 kN. 
           -. phiVcy    = phi * Vcy =      881.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      633.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3945.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      633.88 kN. 
           -. phiVsz   = phi*Vsz =      570.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      626.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3984.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      626.98 kN. 
           -. phiVsy   = phi*Vsy =      564.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      14.773 kN. 
           -. Vr       =    1445.920 kN. 
           -. Ratio    = Vu / Vr = 0.010  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.41 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.41 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0052 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129034,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3279.50        -2.38        -0.83        -4.32        -0.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3279.50        -2.38        -0.83        -4.32        -0.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.83 kN-m. 
           -. End Moments (My2) =        2.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.84 kN-m. 
           -. End Moments (Mz2) =        4.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         4.364 kN-m. 
           -. Mrz        =         4.377 kN-m. 
           -. Mr         =         6.181 kN-m. 
           -. Pu/Pr      =   0.191  --->  O.K ! 
           -. Muy/Mry    =   0.191  --->  O.K ! 
           -. Muz/Mrz    =   0.191  --->  O.K ! 
           -. Mu/Mr      =   0.191  --->  O.K ! 
           -. Ratio      =   0.191  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3279.50 kN. 
           -. Vuz    =          3.14 kN. 
           -. Muy    =         -0.83 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.22 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.25 
 
           -. Vuy    =          6.98 kN. 
           -. Muz    =         -0.84 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.13 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1020.85 kN. 
           -. phiVcz    = phi * Vcz =      918.77 kN. 
 
           -. Vuy       =        6.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      981.34 kN. 
           -. phiVcy    = phi * Vcy =      883.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      634.16 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3943.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      634.16 kN. 
           -. phiVsz   = phi*Vsz =      570.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      627.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3982.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      627.29 kN. 
           -. phiVsy   = phi*Vsy =      564.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       7.653 kN. 
           -. Vr       =    1447.768 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0053 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =129035,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3291.08        -0.83         0.00        -0.84         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3291.08        -0.83         0.00        -0.84         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2047 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.192  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.192  --->  O.K ! 
           -. Ratio      =   0.192  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2167.50 kN. 
           -. Vuz    =          3.32 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.66 
 
           -. Vuy    =          1.33 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1146.77 kN. 
           -. phiVcz    = phi * Vcz =     1032.09 kN. 
 
           -. Vuy       =        1.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1113.57 kN. 
           -. phiVcy    = phi * Vcy =     1002.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      653.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3817.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      653.46 kN. 
           -. phiVsz   = phi*Vsz =      588.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      648.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3850.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      648.71 kN. 
           -. phiVsy   = phi*Vsy =      583.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       3.579 kN. 
           -. Vr       =    1586.052 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        3.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        3.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139002,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1886.42       542.59       530.00      1662.33      1380.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1886.42       542.59       530.00      1662.33      1380.10 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2482.344 kN. 
           -. Mry        =       717.539 kN-m. 
           -. Mrz        =      2180.665 kN-m. 
           -. Mr         =      2295.684 kN-m. 
           -. Pu/Pr      =   0.760  --->  O.K ! 
           -. Muy/Mry    =   0.756  --->  O.K ! 
           -. Muz/Mrz    =   0.762  --->  O.K ! 
           -. Mu/Mr      =   0.762  --->  O.K ! 
           -. Ratio      =   0.762  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3106.56 kN. 
           -. Vuz    =        256.42 kN. 
           -. Muy    =       -496.82 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  35.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.05 
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           -. Vuy    =        589.65 kN. 
           -. Muz    =      -1701.95 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  36.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   1.92 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      256.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      644.23 kN. 
           -. phiVcz    = phi * Vcz =      579.81 kN. 
 
           -. Vuy       =      589.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      601.23 kN. 
           -. phiVcy    = phi * Vcy =      541.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      543.97 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4319.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      543.97 kN. 
           -. phiVsz   = phi*Vsz =      489.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      528.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4363.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      528.55 kN. 
           -. phiVsy   = phi*Vsy =      475.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     642.986 kN. 
           -. Vr       =    1016.799 kN. 
           -. Ratio    = Vu / Vr = 0.632  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      528.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      543.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139003,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1878.51       530.00       518.27      1380.10      1114.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1878.51       530.00       518.27      1380.10      1114.75 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2805.112 kN. 
           -. Mry        =       791.185 kN-m. 
           -. Mrz        =      2071.074 kN-m. 
           -. Mr         =      2217.053 kN-m. 
           -. Pu/Pr      =   0.670  --->  O.K ! 
           -. Muy/Mry    =   0.670  --->  O.K ! 
           -. Muz/Mrz    =   0.666  --->  O.K ! 
           -. Mu/Mr      =   0.670  --->  O.K ! 
           -. Ratio      =   0.670  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3118.55 kN. 
           -. Vuz    =        228.38 kN. 
           -. Muy    =       -496.24 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  34.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.17 
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           -. Vuy    =        554.63 kN. 
           -. Muz    =      -1411.81 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  35.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.03 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      228.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      679.38 kN. 
           -. phiVcz    = phi * Vcz =      611.44 kN. 
 
           -. Vuy       =      554.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      635.76 kN. 
           -. phiVcy    = phi * Vcy =      572.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      555.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4284.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      555.50 kN. 
           -. phiVsz   = phi*Vsz =      499.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      541.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4328.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      541.05 kN. 
           -. phiVsy   = phi*Vsy =      486.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     599.808 kN. 
           -. Vr       =    1059.133 kN. 
           -. Ratio    = Vu / Vr = 0.566  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      541.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      555.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139004,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1870.60       518.27       506.70      1114.75       867.47 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1870.60       518.27       506.70      1114.75       867.47 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3219.469 kN. 
           -. Mry        =       903.935 kN-m. 
           -. Mrz        =      1918.012 kN-m. 
           -. Mr         =      2120.346 kN-m. 
           -. Pu/Pr      =   0.581  --->  O.K ! 
           -. Muy/Mry    =   0.573  --->  O.K ! 
           -. Muz/Mrz    =   0.581  --->  O.K ! 
           -. Mu/Mr      =   0.581  --->  O.K ! 
           -. Ratio      =   0.581  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3130.53 kN. 
           -. Vuz    =        200.59 kN. 
           -. Muy    =       -495.40 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        517.43 kN. 
           -. Muz    =      -1139.10 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  34.80 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.14 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      200.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      715.73 kN. 
           -. phiVcz    = phi * Vcz =      644.16 kN. 
 
           -. Vuy       =      517.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      671.67 kN. 
           -. phiVcy    = phi * Vcy =      604.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      566.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4248.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      566.53 kN. 
           -. phiVsz   = phi*Vsz =      509.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      553.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4292.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      553.05 kN. 
           -. phiVsy   = phi*Vsy =      497.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     554.946 kN. 
           -. Vr       =    1102.249 kN. 
           -. Ratio    = Vu / Vr = 0.503  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      553.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      566.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2062 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139005,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1862.68       506.70       495.61       867.47       639.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1862.68       506.70       495.61       867.47       639.40 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3670.204 kN. 
           -. Mry        =      1007.779 kN-m. 
           -. Mrz        =      1725.885 kN-m. 
           -. Mr         =      1998.574 kN-m. 
           -. Pu/Pr      =   0.508  --->  O.K ! 
           -. Muy/Mry    =   0.503  --->  O.K ! 
           -. Muz/Mrz    =   0.503  --->  O.K ! 
           -. Mu/Mr      =   0.508  --->  O.K ! 
           -. Ratio      =   0.508  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3142.50 kN. 
           -. Vuz    =        173.39 kN. 
           -. Muy    =       -493.61 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
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           -. Vuy    =        478.48 kN. 
           -. Muz    =       -885.04 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  34.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      173.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      752.47 kN. 
           -. phiVcz    = phi * Vcz =      677.22 kN. 
 
           -. Vuy       =      478.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      708.18 kN. 
           -. phiVcy    = phi * Vcy =      637.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      576.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4211.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      576.86 kN. 
           -. phiVsz   = phi*Vsz =      519.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      564.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4256.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      564.31 kN. 
           -. phiVsy   = phi*Vsy =      507.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     508.923 kN. 
           -. Vr       =    1145.237 kN. 
           -. Ratio    = Vu / Vr = 0.444  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      564.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      565.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139006,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1286.97       859.74       922.00       532.12       439.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1286.97       859.74       922.00       532.12       439.11 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2783.551 kN. 
           -. Mry        =      2009.412 kN-m. 
           -. Mrz        =       956.547 kN-m. 
           -. Mr         =      2225.470 kN-m. 
           -. Pu/Pr      =   0.462  --->  O.K ! 
           -. Muy/Mry    =   0.459  --->  O.K ! 
           -. Muz/Mrz    =   0.459  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3154.46 kN. 
           -. Vuz    =        147.15 kN. 
           -. Muy    =       -491.14 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =        438.27 kN. 
           -. Muz    =       -650.79 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.37 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      147.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      788.17 kN. 
           -. phiVcz    = phi * Vcz =      709.35 kN. 
 
           -. Vuy       =      438.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      743.85 kN. 
           -. phiVcy    = phi * Vcy =      669.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      586.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4176.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      586.20 kN. 
           -. phiVsz   = phi*Vsz =      527.58 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      574.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4220.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      574.51 kN. 
           -. phiVsy   = phi*Vsy =      517.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     462.309 kN. 
           -. Vr       =    1186.521 kN. 
           -. Ratio    = Vu / Vr = 0.390  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      513.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      513.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0011 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139007,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1287.20       922.00       963.31       439.11       355.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1287.20       922.00       963.31       439.11       355.24 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2783.551 kN. 
           -. Mry        =      2009.412 kN-m. 
           -. Mrz        =       956.547 kN-m. 
           -. Mr         =      2225.470 kN-m. 
           -. Pu/Pr      =   0.462  --->  O.K ! 
           -. Muy/Mry    =   0.459  --->  O.K ! 
           -. Muz/Mrz    =   0.459  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3166.40 kN. 
           -. Vuz    =        122.24 kN. 
           -. Muy    =       -489.22 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.61 
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           -. Vuy    =        397.32 kN. 
           -. Muz    =       -437.77 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.47 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      122.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      820.37 kN. 
           -. phiVcz    = phi * Vcz =      738.33 kN. 
 
           -. Vuy       =      397.32 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      776.20 kN. 
           -. phiVcy    = phi * Vcy =      698.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      594.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4143.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      594.08 kN. 
           -. phiVsz   = phi*Vsz =      534.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      583.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4188.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      583.14 kN. 
           -. phiVsy   = phi*Vsy =      524.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     415.699 kN. 
           -. Vr       =    1223.406 kN. 
           -. Ratio    = Vu / Vr = 0.340  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      461.89 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      461.89 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139008,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1270.76       963.31       984.76       355.24       302.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1270.76       963.31       984.76       355.24       302.52 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2758.126 kN. 
           -. Mry        =      2137.327 kN-m. 
           -. Mrz        =       658.811 kN-m. 
           -. Mr         =      2236.559 kN-m. 
           -. Pu/Pr      =   0.461  --->  O.K ! 
           -. Muy/Mry    =   0.461  --->  O.K ! 
           -. Muz/Mrz    =   0.459  --->  O.K ! 
           -. Mu/Mr      =   0.461  --->  O.K ! 
           -. Ratio      =   0.461  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3178.33 kN. 
           -. Vuz    =         99.12 kN. 
           -. Muy    =       -487.49 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
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           -. Vuy    =        356.22 kN. 
           -. Muz    =       -250.35 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       99.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      845.58 kN. 
           -. phiVcz    = phi * Vcz =      761.02 kN. 
 
           -. Vuy       =      356.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      801.64 kN. 
           -. phiVcy    = phi * Vcy =      721.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      599.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4118.64 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      599.93 kN. 
           -. phiVsz   = phi*Vsz =      539.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      589.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4162.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      589.55 kN. 
           -. phiVsy   = phi*Vsy =      530.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     369.754 kN. 
           -. Vr       =    1252.077 kN. 
           -. Ratio    = Vu / Vr = 0.295  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      410.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      410.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139009,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1262.63       984.76       989.02       302.52       312.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1262.63       984.76       989.02       302.52       312.50 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2711.734 kN. 
           -. Mry        =      2144.049 kN-m. 
           -. Mrz        =       678.314 kN-m. 
           -. Mr         =      2248.790 kN-m. 
           -. Pu/Pr      =   0.466  --->  O.K ! 
           -. Muy/Mry    =   0.461  --->  O.K ! 
           -. Muz/Mrz    =   0.461  --->  O.K ! 
           -. Mu/Mr      =   0.466  --->  O.K ! 
           -. Ratio      =   0.466  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3201.81 kN. 
           -. Vuz    =         78.79 kN. 
           -. Muy    =       -482.29 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
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           -. Vuy    =        315.54 kN. 
           -. Muz    =       -252.24 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       78.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      850.79 kN. 
           -. phiVcz    = phi * Vcz =      765.71 kN. 
 
           -. Vuy       =      315.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      806.91 kN. 
           -. phiVcy    = phi * Vcy =      726.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      601.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4113.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      601.10 kN. 
           -. phiVsz   = phi*Vsz =      540.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      590.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4157.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      590.84 kN. 
           -. phiVsy   = phi*Vsy =      531.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     325.232 kN. 
           -. Vr       =    1257.980 kN. 
           -. Ratio    = Vu / Vr = 0.259  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      361.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      361.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0024 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139010,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1262.83       989.02       977.42       312.50       328.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1262.83       989.02       977.42       312.50       328.34 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2711.734 kN. 
           -. Mry        =      2144.049 kN-m. 
           -. Mrz        =       678.314 kN-m. 
           -. Mr         =      2248.790 kN-m. 
           -. Pu/Pr      =   0.466  --->  O.K ! 
           -. Muy/Mry    =   0.461  --->  O.K ! 
           -. Muz/Mrz    =   0.461  --->  O.K ! 
           -. Mu/Mr      =   0.466  --->  O.K ! 
           -. Ratio      =   0.466  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3213.71 kN. 
           -. Vuz    =         70.87 kN. 
           -. Muy    =       -477.68 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.69 
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           -. Vuy    =        275.89 kN. 
           -. Muz    =       -361.87 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       70.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      845.04 kN. 
           -. phiVcz    = phi * Vcz =      760.54 kN. 
 
           -. Vuy       =      275.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      801.09 kN. 
           -. phiVcy    = phi * Vcy =      720.98 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      599.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4119.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      599.81 kN. 
           -. phiVsz   = phi*Vsz =      539.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      589.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4163.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      589.42 kN. 
           -. phiVsy   = phi*Vsy =      530.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     284.850 kN. 
           -. Vr       =    1251.462 kN. 
           -. Ratio    = Vu / Vr = 0.228  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      316.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      316.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139011,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1254.70       977.42       951.40       328.34       341.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1254.70       977.42       951.40       328.34       341.75 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2726.935 kN. 
           -. Mry        =      2130.301 kN-m. 
           -. Mrz        =       717.518 kN-m. 
           -. Mr         =      2247.891 kN-m. 
           -. Pu/Pr      =   0.460  --->  O.K ! 
           -. Muy/Mry    =   0.459  --->  O.K ! 
           -. Muz/Mrz    =   0.458  --->  O.K ! 
           -. Mu/Mr      =   0.460  --->  O.K ! 
           -. Ratio      =   0.460  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3225.60 kN. 
           -. Vuz    =         72.50 kN. 
           -. Muy    =       -470.03 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =        237.86 kN. 
           -. Muz    =       -458.08 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      838.42 kN. 
           -. phiVcz    = phi * Vcz =      754.58 kN. 
 
           -. Vuy       =      237.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      794.41 kN. 
           -. phiVcy    = phi * Vcy =      714.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      598.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4125.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      598.29 kN. 
           -. phiVsz   = phi*Vsz =      538.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      587.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4169.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      587.76 kN. 
           -. phiVsy   = phi*Vsy =      528.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     248.665 kN. 
           -. Vr       =    1243.951 kN. 
           -. Ratio    = Vu / Vr = 0.200  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      276.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      276.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139012,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1246.55       951.40       913.15       341.75       352.55 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1246.55       951.40       913.15       341.75       352.55 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2764.583 kN. 
           -. Mry        =      2108.669 kN-m. 
           -. Mrz        =       758.757 kN-m. 
           -. Mr         =      2241.026 kN-m. 
           -. Pu/Pr      =   0.451  --->  O.K ! 
           -. Muy/Mry    =   0.451  --->  O.K ! 
           -. Muz/Mrz    =   0.450  --->  O.K ! 
           -. Mu/Mr      =   0.451  --->  O.K ! 
           -. Ratio      =   0.451  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3237.48 kN. 
           -. Vuz    =         74.02 kN. 
           -. Muy    =       -459.02 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        202.01 kN. 
           -. Muz    =       -539.73 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.25 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       74.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      832.44 kN. 
           -. phiVcz    = phi * Vcz =      749.20 kN. 
 
           -. Vuy       =      202.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      788.37 kN. 
           -. phiVcy    = phi * Vcy =      709.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      596.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4131.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      596.92 kN. 
           -. phiVsz   = phi*Vsz =      537.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      586.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4175.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      586.25 kN. 
           -. phiVsy   = phi*Vsy =      527.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     215.145 kN. 
           -. Vr       =    1237.159 kN. 
           -. Ratio    = Vu / Vr = 0.174  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      239.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      239.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139013,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1238.40       913.15       855.04       352.55       355.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1238.40       913.15       855.04       352.55       355.16 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2834.548 kN. 
           -. Mry        =      2075.377 kN-m. 
           -. Mrz        =       795.523 kN-m. 
           -. Mr         =      2222.622 kN-m. 
           -. Pu/Pr      =   0.437  --->  O.K ! 
           -. Muy/Mry    =   0.440  --->  O.K ! 
           -. Muz/Mrz    =   0.443  --->  O.K ! 
           -. Mu/Mr      =   0.443  --->  O.K ! 
           -. Ratio      =   0.443  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2677.38 kN. 
           -. Vuz    =        127.89 kN. 
           -. Muy    =       -940.02 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =         97.45 kN. 
           -. Muz    =       -337.11 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      127.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      823.49 kN. 
           -. phiVcz    = phi * Vcz =      741.14 kN. 
 
           -. Vuy       =       97.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      779.34 kN. 
           -. phiVcy    = phi * Vcy =      701.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      594.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4140.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      594.82 kN. 
           -. phiVsz   = phi*Vsz =      535.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      583.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4184.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      583.95 kN. 
           -. phiVsy   = phi*Vsy =      525.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     160.791 kN. 
           -. Vr       =    1226.960 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      178.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      178.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139014,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1230.24       855.04       782.09       355.16       350.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1230.24       855.04       782.09       355.16       350.16 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2931.306 kN. 
           -. Mry        =      2031.095 kN-m. 
           -. Mrz        =       834.583 kN-m. 
           -. Mr         =      2195.877 kN-m. 
           -. Pu/Pr      =   0.420  --->  O.K ! 
           -. Muy/Mry    =   0.421  --->  O.K ! 
           -. Muz/Mrz    =   0.426  --->  O.K ! 
           -. Mu/Mr      =   0.426  --->  O.K ! 
           -. Ratio      =   0.426  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2689.12 kN. 
           -. Vuz    =        154.89 kN. 
           -. Muy    =       -882.45 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
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           -. Vuy    =         73.74 kN. 
           -. Muz    =       -338.35 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      154.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      831.02 kN. 
           -. phiVcz    = phi * Vcz =      747.92 kN. 
 
           -. Vuy       =       73.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      786.94 kN. 
           -. phiVcy    = phi * Vcy =      708.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      596.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4133.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      596.58 kN. 
           -. phiVsz   = phi*Vsz =      536.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      585.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4177.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      585.89 kN. 
           -. phiVsy   = phi*Vsy =      527.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     171.547 kN. 
           -. Vr       =    1235.539 kN. 
           -. Ratio    = Vu / Vr = 0.139  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      190.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      190.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139015,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1782.70       382.71       348.79       638.06       643.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1782.70       382.71       348.79       638.06       643.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4355.908 kN. 
           -. Mry        =       935.838 kN-m. 
           -. Mrz        =      1555.723 kN-m. 
           -. Mr         =      1815.507 kN-m. 
           -. Pu/Pr      =   0.409  --->  O.K ! 
           -. Muy/Mry    =   0.409  --->  O.K ! 
           -. Muz/Mrz    =   0.410  --->  O.K ! 
           -. Mu/Mr      =   0.410  --->  O.K ! 
           -. Ratio      =   0.410  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2700.85 kN. 
           -. Vuz    =        173.18 kN. 
           -. Muy    =       -809.01 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.68 
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           -. Vuy    =         53.52 kN. 
           -. Muz    =       -332.73 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      173.18 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      841.97 kN. 
           -. phiVcz    = phi * Vcz =      757.78 kN. 
 
           -. Vuy       =       53.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      797.99 kN. 
           -. phiVcy    = phi * Vcy =      718.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      599.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4122.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      599.11 kN. 
           -. phiVsz   = phi*Vsz =      539.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      588.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4166.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      588.65 kN. 
           -. phiVsy   = phi*Vsy =      529.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     181.262 kN. 
           -. Vr       =    1247.984 kN. 
           -. Ratio    = Vu / Vr = 0.145  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      201.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      201.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139016,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1774.63       348.79       311.14       643.09       628.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1774.63       348.79       311.14       643.09       628.66 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4390.185 kN. 
           -. Mry        =       857.714 kN-m. 
           -. Mrz        =      1589.776 kN-m. 
           -. Mr         =      1806.394 kN-m. 
           -. Pu/Pr      =   0.404  --->  O.K ! 
           -. Muy/Mry    =   0.407  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.407  --->  O.K ! 
           -. Ratio      =   0.407  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2712.57 kN. 
           -. Vuz    =        183.21 kN. 
           -. Muy    =       -724.73 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
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           -. Vuy    =         48.65 kN. 
           -. Muz    =       -320.82 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.59 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      183.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      855.71 kN. 
           -. phiVcz    = phi * Vcz =      770.14 kN. 
 
           -. Vuy       =       48.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      811.89 kN. 
           -. phiVcy    = phi * Vcy =      730.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      602.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4108.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      602.20 kN. 
           -. phiVsz   = phi*Vsz =      541.98 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      592.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4152.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      592.05 kN. 
           -. phiVsy   = phi*Vsy =      532.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     189.561 kN. 
           -. Vr       =    1263.547 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      210.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      210.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2110 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139017,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1766.55       311.14       271.67       628.66       598.73 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1766.55       311.14       271.67       628.66       598.73 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4501.332 kN. 
           -. Mry        =       778.415 kN-m. 
           -. Mrz        =      1598.703 kN-m. 
           -. Mr         =      1778.140 kN-m. 
           -. Pu/Pr      =   0.392  --->  O.K ! 
           -. Muy/Mry    =   0.400  --->  O.K ! 
           -. Muz/Mrz    =   0.393  --->  O.K ! 
           -. Mu/Mr      =   0.400  --->  O.K ! 
           -. Ratio      =   0.400  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2724.28 kN. 
           -. Vuz    =        185.26 kN. 
           -. Muy    =       -634.49 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
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           -. Vuy    =         53.55 kN. 
           -. Muz    =       -303.68 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      185.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      872.02 kN. 
           -. phiVcz    = phi * Vcz =      784.82 kN. 
 
           -. Vuy       =       53.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      828.43 kN. 
           -. phiVcy    = phi * Vcy =      745.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      605.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4092.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      605.78 kN. 
           -. phiVsz   = phi*Vsz =      545.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      595.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4135.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      595.98 kN. 
           -. phiVsy   = phi*Vsy =      536.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     192.847 kN. 
           -. Vr       =    1281.972 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      214.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      214.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139018,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1758.46       271.67       232.15       598.73       557.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1758.46       271.67       232.15       598.73       557.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4632.865 kN. 
           -. Mry        =       706.861 kN-m. 
           -. Mrz        =      1593.119 kN-m. 
           -. Mr         =      1742.895 kN-m. 
           -. Pu/Pr      =   0.380  --->  O.K ! 
           -. Muy/Mry    =   0.384  --->  O.K ! 
           -. Muz/Mrz    =   0.376  --->  O.K ! 
           -. Mu/Mr      =   0.384  --->  O.K ! 
           -. Ratio      =   0.384  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2735.98 kN. 
           -. Vuz    =        180.10 kN. 
           -. Muy    =       -542.72 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.22 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
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           -. Vuy    =         56.94 kN. 
           -. Muz    =       -282.49 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      180.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      890.58 kN. 
           -. phiVcz    = phi * Vcz =      801.52 kN. 
 
           -. Vuy       =       56.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      847.30 kN. 
           -. phiVcy    = phi * Vcy =      762.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      609.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4073.65 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      609.72 kN. 
           -. phiVsz   = phi*Vsz =      548.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      600.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4116.93 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      600.32 kN. 
           -. phiVsy   = phi*Vsy =      540.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     188.885 kN. 
           -. Vr       =    1302.854 kN. 
           -. Ratio    = Vu / Vr = 0.145  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      209.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      209.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139019,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1750.35       232.15       194.14       557.18       507.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1750.35       232.15       194.14       557.18       507.72 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2119 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4843.641 kN. 
           -. Mry        =       642.009 kN-m. 
           -. Mrz        =      1553.418 kN-m. 
           -. Mr         =      1680.858 kN-m. 
           -. Pu/Pr      =   0.361  --->  O.K ! 
           -. Muy/Mry    =   0.362  --->  O.K ! 
           -. Muz/Mrz    =   0.359  --->  O.K ! 
           -. Mu/Mr      =   0.362  --->  O.K ! 
           -. Ratio      =   0.362  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2747.68 kN. 
           -. Vuz    =        168.76 kN. 
           -. Muy    =       -453.26 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
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           -. Vuy    =         58.49 kN. 
           -. Muz    =       -258.46 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      168.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      910.60 kN. 
           -. phiVcz    = phi * Vcz =      819.54 kN. 
 
           -. Vuy       =       58.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      867.72 kN. 
           -. phiVcy    = phi * Vcy =      780.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      613.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4053.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      613.83 kN. 
           -. phiVsz   = phi*Vsz =      552.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      604.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4096.50 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      604.85 kN. 
           -. phiVsy   = phi*Vsy =      544.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     178.604 kN. 
           -. Vr       =    1325.312 kN. 
           -. Ratio    = Vu / Vr = 0.135  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      198.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      198.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139020,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1742.23       194.14       158.93       507.72       453.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1742.23       194.14       158.93       507.72       453.77 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5121.560 kN. 
           -. Mry        =       570.184 kN-m. 
           -. Mrz        =      1492.255 kN-m. 
           -. Mr         =      1597.478 kN-m. 
           -. Pu/Pr      =   0.340  --->  O.K ! 
           -. Muy/Mry    =   0.340  --->  O.K ! 
           -. Muz/Mrz    =   0.340  --->  O.K ! 
           -. Mu/Mr      =   0.340  --->  O.K ! 
           -. Ratio      =   0.340  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2759.37 kN. 
           -. Vuz    =        152.50 kN. 
           -. Muy    =       -369.30 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
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           -. Vuy    =         58.15 kN. 
           -. Muz    =       -232.77 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      152.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      931.29 kN. 
           -. phiVcz    = phi * Vcz =      838.16 kN. 
 
           -. Vuy       =       58.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      888.89 kN. 
           -. phiVcy    = phi * Vcy =      800.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      617.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4032.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      617.94 kN. 
           -. phiVsz   = phi*Vsz =      556.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      609.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4075.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      609.37 kN. 
           -. phiVsy   = phi*Vsy =      548.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     163.206 kN. 
           -. Vr       =    1348.430 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      181.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      181.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0025 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139021,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1734.09       158.93       127.55       453.77       398.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1734.09       158.93       127.55       453.77       398.40 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5418.438 kN. 
           -. Mry        =       497.982 kN-m. 
           -. Mrz        =      1424.243 kN-m. 
           -. Mr         =      1508.793 kN-m. 
           -. Pu/Pr      =   0.320  --->  O.K ! 
           -. Muy/Mry    =   0.319  --->  O.K ! 
           -. Muz/Mrz    =   0.319  --->  O.K ! 
           -. Mu/Mr      =   0.320  --->  O.K ! 
           -. Ratio      =   0.320  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2771.05 kN. 
           -. Vuz    =        132.54 kN. 
           -. Muy    =       -293.36 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.03 
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           -. Vuy    =         56.03 kN. 
           -. Muz    =       -206.52 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.90 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      132.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      951.82 kN. 
           -. phiVcz    = phi * Vcz =      856.64 kN. 
 
           -. Vuy       =       56.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      909.97 kN. 
           -. phiVcy    = phi * Vcy =      818.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      621.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4012.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      621.87 kN. 
           -. phiVsz   = phi*Vsz =      559.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      613.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4054.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      613.70 kN. 
           -. phiVsy   = phi*Vsy =      552.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     143.895 kN. 
           -. Vr       =    1371.303 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      159.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      159.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139022,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1725.95       127.55       100.72       398.40       344.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1725.95       127.55       100.72       398.40       344.25 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5776.354 kN. 
           -. Mry        =       420.954 kN-m. 
           -. Mrz        =      1337.810 kN-m. 
           -. Mr         =      1402.475 kN-m. 
           -. Pu/Pr      =   0.299  --->  O.K ! 
           -. Muy/Mry    =   0.303  --->  O.K ! 
           -. Muz/Mrz    =   0.298  --->  O.K ! 
           -. Mu/Mr      =   0.303  --->  O.K ! 
           -. Ratio      =   0.303  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3343.98 kN. 
           -. Vuz    =         59.00 kN. 
           -. Muy    =       -138.71 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
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           -. Vuy    =        106.28 kN. 
           -. Muz    =       -388.07 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       59.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      896.78 kN. 
           -. phiVcz    = phi * Vcz =      807.10 kN. 
 
           -. Vuy       =      106.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      853.62 kN. 
           -. phiVcy    = phi * Vcy =      768.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      611.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4067.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      611.01 kN. 
           -. phiVsz   = phi*Vsz =      549.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      601.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4110.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      601.73 kN. 
           -. phiVsy   = phi*Vsy =      541.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     121.559 kN. 
           -. Vr       =    1309.815 kN. 
           -. Ratio    = Vu / Vr = 0.093  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      135.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      135.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139023,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1717.79       100.72        78.16       344.25       293.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1717.79       100.72        78.16       344.25       293.03 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -6163.516 kN. 
           -. Mry        =       352.378 kN-m. 
           -. Mrz        =      1235.215 kN-m. 
           -. Mr         =      1284.494 kN-m. 
           -. Pu/Pr      =   0.279  --->  O.K ! 
           -. Muy/Mry    =   0.286  --->  O.K ! 
           -. Muz/Mrz    =   0.279  --->  O.K ! 
           -. Mu/Mr      =   0.286  --->  O.K ! 
           -. Ratio      =   0.286  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3355.71 kN. 
           -. Vuz    =         49.68 kN. 
           -. Muy    =       -109.75 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
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           -. Vuy    =        100.37 kN. 
           -. Muz    =       -335.40 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       49.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      910.15 kN. 
           -. phiVcz    = phi * Vcz =      819.14 kN. 
 
           -. Vuy       =      100.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      867.26 kN. 
           -. phiVcy    = phi * Vcy =      780.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      613.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4054.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      613.74 kN. 
           -. phiVsz   = phi*Vsz =      552.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      604.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4096.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      604.74 kN. 
           -. phiVsy   = phi*Vsy =      544.27 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     111.992 kN. 
           -. Vr       =    1324.806 kN. 
           -. Ratio    = Vu / Vr = 0.085  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      124.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      124.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139024,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1709.62        78.16        59.17       293.03       245.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1709.62        78.16        59.17       293.03       245.32 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -6556.326 kN. 
           -. Mry        =       301.859 kN-m. 
           -. Mrz        =      1117.716 kN-m. 
           -. Mr         =      1157.760 kN-m. 
           -. Pu/Pr      =   0.261  --->  O.K ! 
           -. Muy/Mry    =   0.259  --->  O.K ! 
           -. Muz/Mrz    =   0.262  --->  O.K ! 
           -. Mu/Mr      =   0.262  --->  O.K ! 
           -. Ratio      =   0.262  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3367.44 kN. 
           -. Vuz    =         41.92 kN. 
           -. Muy    =        -85.33 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.94 
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           -. Vuy    =         93.40 kN. 
           -. Muz    =       -285.55 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       41.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      922.96 kN. 
           -. phiVcz    = phi * Vcz =      830.66 kN. 
 
           -. Vuy       =       93.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      880.36 kN. 
           -. phiVcy    = phi * Vcy =      792.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      616.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4041.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      616.30 kN. 
           -. phiVsz   = phi*Vsz =      554.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      607.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4083.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      607.56 kN. 
           -. phiVsy   = phi*Vsy =      546.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     102.373 kN. 
           -. Vr       =    1339.130 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      113.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      113.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139025,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1701.43        59.17        43.68       245.32       201.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1701.43        59.17        43.68       245.32       201.90 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -6938.346 kN. 
           -. Mry        =       235.015 kN-m. 
           -. Mrz        =      1006.287 kN-m. 
           -. Mr         =      1033.366 kN-m. 
           -. Pu/Pr      =   0.245  --->  O.K ! 
           -. Muy/Mry    =   0.252  --->  O.K ! 
           -. Muz/Mrz    =   0.244  --->  O.K ! 
           -. Mu/Mr      =   0.252  --->  O.K ! 
           -. Ratio      =   0.252  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3379.15 kN. 
           -. Vuz    =         34.29 kN. 
           -. Muy    =        -64.73 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2144 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         84.92 kN. 
           -. Muz    =       -239.11 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       34.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      935.27 kN. 
           -. phiVcz    = phi * Vcz =      841.74 kN. 
 
           -. Vuy       =       84.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      892.97 kN. 
           -. phiVcy    = phi * Vcy =      803.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      618.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4028.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      618.71 kN. 
           -. phiVsz   = phi*Vsz =      556.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      610.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4071.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      610.22 kN. 
           -. phiVsy   = phi*Vsy =      549.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      91.583 kN. 
           -. Vr       =    1352.873 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      101.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      101.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0043 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2146 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139026,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1693.23        43.68        31.50       201.90       163.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1693.23        43.68        31.50       201.90       163.25 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -7337.566 kN. 
           -. Mry        =       196.924 kN-m. 
           -. Mrz        =       881.744 kN-m. 
           -. Mr         =       903.467 kN-m. 
           -. Pu/Pr      =   0.231  --->  O.K ! 
           -. Muy/Mry    =   0.222  --->  O.K ! 
           -. Muz/Mrz    =   0.229  --->  O.K ! 
           -. Mu/Mr      =   0.231  --->  O.K ! 
           -. Ratio      =   0.231  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3390.84 kN. 
           -. Vuz    =         27.03 kN. 
           -. Muy    =        -47.89 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
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           -. Vuy    =         75.53 kN. 
           -. Muz    =       -196.83 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       27.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      946.79 kN. 
           -. phiVcz    = phi * Vcz =      852.11 kN. 
 
           -. Vuy       =       75.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      904.79 kN. 
           -. phiVcy    = phi * Vcy =      814.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      620.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4017.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      620.92 kN. 
           -. phiVsz   = phi*Vsz =      558.83 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      612.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4059.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      612.65 kN. 
           -. phiVsy   = phi*Vsy =      551.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      80.219 kN. 
           -. Vr       =    1365.703 kN. 
           -. Ratio    = Vu / Vr = 0.059  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       89.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       89.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139027,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1685.02        31.50        21.84       163.25       128.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1685.02        31.50        21.84       163.25       128.70 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -7752.154 kN. 
           -. Mry        =       141.969 kN-m. 
           -. Mrz        =       749.397 kN-m. 
           -. Mr         =       762.726 kN-m. 
           -. Pu/Pr      =   0.217  --->  O.K ! 
           -. Muy/Mry    =   0.222  --->  O.K ! 
           -. Muz/Mrz    =   0.218  --->  O.K ! 
           -. Mu/Mr      =   0.222  --->  O.K ! 
           -. Ratio      =   0.222  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3402.52 kN. 
           -. Vuz    =         21.54 kN. 
           -. Muy    =        -34.62 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
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           -. Vuy    =         67.51 kN. 
           -. Muz    =       -159.19 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       21.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      956.91 kN. 
           -. phiVcz    = phi * Vcz =      861.22 kN. 
 
           -. Vuy       =       67.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      915.20 kN. 
           -. phiVcy    = phi * Vcy =      823.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      622.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4007.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      622.82 kN. 
           -. phiVsz   = phi*Vsz =      560.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      614.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4049.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      614.76 kN. 
           -. phiVsy   = phi*Vsy =      553.28 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      70.862 kN. 
           -. Vr       =    1376.963 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       78.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       78.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139028,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1676.80        21.84        14.03       128.70        97.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1676.80        21.84        14.03       128.70        97.30 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -8132.478 kN. 
           -. Mry        =       105.508 kN-m. 
           -. Mrz        =       619.404 kN-m. 
           -. Mr         =       628.325 kN-m. 
           -. Pu/Pr      =   0.206  --->  O.K ! 
           -. Muy/Mry    =   0.207  --->  O.K ! 
           -. Muz/Mrz    =   0.208  --->  O.K ! 
           -. Mu/Mr      =   0.208  --->  O.K ! 
           -. Ratio      =   0.208  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3414.20 kN. 
           -. Vuz    =         17.76 kN. 
           -. Muy    =        -24.07 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
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           -. Vuy    =         61.35 kN. 
           -. Muz    =       -125.52 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       17.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      965.70 kN. 
           -. phiVcz    = phi * Vcz =      869.13 kN. 
 
           -. Vuy       =       61.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      924.26 kN. 
           -. phiVcy    = phi * Vcy =      831.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      624.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3998.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      624.45 kN. 
           -. phiVsz   = phi*Vsz =      562.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      616.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4039.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      616.56 kN. 
           -. phiVsy   = phi*Vsy =      554.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      63.868 kN. 
           -. Vr       =    1386.732 kN. 
           -. Ratio    = Vu / Vr = 0.046  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2157 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       70.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       70.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0049 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139029,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1668.56        14.03         9.33        97.30        68.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1668.56        14.03         9.33        97.30        68.90 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -8496.296 kN. 
           -. Mry        =        69.847 kN-m. 
           -. Mrz        =       495.123 kN-m. 
           -. Mr         =       500.025 kN-m. 
           -. Pu/Pr      =   0.196  --->  O.K ! 
           -. Muy/Mry    =   0.201  --->  O.K ! 
           -. Muz/Mrz    =   0.197  --->  O.K ! 
           -. Mu/Mr      =   0.201  --->  O.K ! 
           -. Ratio      =   0.201  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3425.85 kN. 
           -. Vuz    =         14.53 kN. 
           -. Muy    =        -15.50 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.10 
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           -. Vuy    =         55.51 kN. 
           -. Muz    =        -94.92 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.87 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.97 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      973.69 kN. 
           -. phiVcz    = phi * Vcz =      876.33 kN. 
 
           -. Vuy       =       55.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      932.50 kN. 
           -. phiVcy    = phi * Vcy =      839.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      625.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3990.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      625.91 kN. 
           -. phiVsz   = phi*Vsz =      563.32 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      618.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4031.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      618.17 kN. 
           -. phiVsy   = phi*Vsy =      556.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      57.385 kN. 
           -. Vr       =    1395.603 kN. 
           -. Ratio    = Vu / Vr = 0.041  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       63.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       63.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0050 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139030,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3449.06       -10.17        -8.10       -67.24       -42.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3449.06       -10.17        -8.10       -67.24       -42.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.10 kN-m. 
           -. End Moments (My2) =       10.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.25 kN-m. 
           -. End Moments (Mz2) =       67.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2164 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        39.899 kN-m. 
           -. Mrz        =       210.330 kN-m. 
           -. Mr         =       214.081 kN-m. 
           -. Pu/Pr      =   0.201  --->  O.K ! 
           -. Muy/Mry    =   0.203  --->  O.K ! 
           -. Muz/Mrz    =   0.201  --->  O.K ! 
           -. Mu/Mr      =   0.203  --->  O.K ! 
           -. Ratio      =   0.203  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3437.50 kN. 
           -. Vuz    =         11.90 kN. 
           -. Muy    =        -10.17 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.13 
 
           -. Vuy    =         50.16 kN. 
           -. Muz    =        -67.24 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.00 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       11.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      980.82 kN. 
           -. phiVcz    = phi * Vcz =      882.74 kN. 
 
           -. Vuy       =       50.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      939.86 kN. 
           -. phiVcy    = phi * Vcy =      845.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      627.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3983.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      627.20 kN. 
           -. phiVsz   = phi*Vsz =      564.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      619.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4024.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      619.59 kN. 
           -. phiVsy   = phi*Vsy =      557.63 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      51.556 kN. 
           -. Vr       =    1403.504 kN. 
           -. Ratio    = Vu / Vr = 0.037  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0052 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139031,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3449.13        -8.10        -6.17       -42.25       -24.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3449.13        -8.10        -6.17       -42.25       -24.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        6.17 kN-m. 
           -. End Moments (My2) =        8.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       24.14 kN-m. 
           -. End Moments (Mz2) =       42.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        39.899 kN-m. 
           -. Mrz        =       210.326 kN-m. 
           -. Mr         =       214.077 kN-m. 
           -. Pu/Pr      =   0.201  --->  O.K ! 
           -. Muy/Mry    =   0.203  --->  O.K ! 
           -. Muz/Mrz    =   0.201  --->  O.K ! 
           -. Mu/Mr      =   0.203  --->  O.K ! 
           -. Ratio      =   0.203  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3449.13 kN. 
           -. Vuz    =          6.09 kN. 
           -. Muy    =         -8.10 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.15 
 
           -. Vuy    =         36.32 kN. 
           -. Muz    =        -42.25 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.02 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        6.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      988.89 kN. 
           -. phiVcz    = phi * Vcz =      890.00 kN. 
 
           -. Vuy       =       36.32 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      948.19 kN. 
           -. phiVcy    = phi * Vcy =      853.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      628.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3975.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      628.64 kN. 
           -. phiVsz   = phi*Vsz =      565.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      621.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4016.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      621.18 kN. 
           -. phiVsy   = phi*Vsy =      559.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      36.827 kN. 
           -. Vr       =    1412.439 kN. 
           -. Ratio    = Vu / Vr = 0.026  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       40.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       40.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0053 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0053 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139032,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3472.31        -6.17        -4.26       -24.14       -11.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3472.31        -6.17        -4.26       -24.14       -11.90 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.26 kN-m. 
           -. End Moments (My2) =        6.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2171 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       11.90 kN-m. 
           -. End Moments (Mz2) =       24.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -11.90 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -11.90 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        21.060 kN-m. 
           -. Mrz        =        58.846 kN-m. 
           -. Mr         =        62.500 kN-m. 
           -. Pu/Pr      =   0.202  --->  O.K ! 
           -. Muy/Mry    =   0.202  --->  O.K ! 
           -. Muz/Mrz    =   0.202  --->  O.K ! 
           -. Mu/Mr      =   0.202  --->  O.K ! 
           -. Ratio      =   0.202  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3460.75 kN. 
           -. Vuz    =          4.33 kN. 
           -. Muy    =         -6.17 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.17 
 
           -. Vuy    =         24.52 kN. 
           -. Muz    =        -24.14 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      994.75 kN. 
           -. phiVcz    = phi * Vcz =      895.27 kN. 
 
           -. Vuy       =       24.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      954.26 kN. 
           -. phiVcy    = phi * Vcy =      858.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      629.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3969.48 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      629.67 kN. 
           -. phiVsz   = phi*Vsz =      566.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      622.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4009.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      622.33 kN. 
           -. phiVsy   = phi*Vsy =      560.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      24.900 kN. 
           -. Vr       =    1418.928 kN. 
           -. Ratio    = Vu / Vr = 0.018  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       27.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       27.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0054 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0054 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0054 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139033,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3483.92        -4.26        -2.36       -11.90        -4.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3483.92        -4.26        -2.36       -11.90        -4.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.36 kN-m. 
           -. End Moments (My2) =        4.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.50 kN-m. 
           -. End Moments (Mz2) =       11.90 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        11.645 kN-m. 
           -. Mrz        =        22.150 kN-m. 
           -. Mr         =        25.024 kN-m. 
           -. Pu/Pr      =   0.203  --->  O.K ! 
           -. Muy/Mry    =   0.203  --->  O.K ! 
           -. Muz/Mrz    =   0.203  --->  O.K ! 
           -. Mu/Mr      =   0.203  --->  O.K ! 
           -. Ratio      =   0.203  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3483.92 kN. 
           -. Vuz    =          3.97 kN. 
           -. Muy    =         -2.36 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.18 
 
           -. Vuy    =         14.83 kN. 
           -. Muz    =         -4.50 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.67 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.05 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      998.01 kN. 
           -. phiVcz    = phi * Vcz =      898.21 kN. 
 
           -. Vuy       =       14.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      957.63 kN. 
           -. phiVcy    = phi * Vcy =      861.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      630.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3966.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      630.24 kN. 
           -. phiVsz   = phi*Vsz =      567.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      622.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4006.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      622.96 kN. 
           -. phiVsy   = phi*Vsy =      560.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      15.355 kN. 
           -. Vr       =    1422.531 kN. 
           -. Ratio    = Vu / Vr = 0.011  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0056 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139034,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3495.51        -2.36        -0.76        -4.50        -0.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3495.51        -2.36        -0.76        -4.50        -0.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.76 kN-m. 
           -. End Moments (My2) =        2.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.76 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.76 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.87 kN-m. 
           -. End Moments (Mz2) =        4.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         3.751 kN-m. 
           -. Mrz        =         4.288 kN-m. 
           -. Mr         =         5.697 kN-m. 
           -. Pu/Pr      =   0.204  --->  O.K ! 
           -. Muy/Mry    =   0.204  --->  O.K ! 
           -. Muz/Mrz    =   0.204  --->  O.K ! 
           -. Mu/Mr      =   0.204  --->  O.K ! 
           -. Ratio      =   0.204  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       3495.51 kN. 
           -. Vuz    =          3.22 kN. 
           -. Muy    =         -0.76 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.36 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.19 
 
           -. Vuy    =          7.25 kN. 
           -. Muz    =         -0.87 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.06 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      999.73 kN. 
           -. phiVcz    = phi * Vcz =      899.75 kN. 
 
           -. Vuy       =        7.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      959.41 kN. 
           -. phiVcy    = phi * Vcy =      863.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      630.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3964.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      630.54 kN. 
           -. phiVsz   = phi*Vsz =      567.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      623.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4004.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      623.29 kN. 
           -. phiVsy   = phi*Vsy =      560.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       7.938 kN. 
           -. Vr       =    1424.432 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        8.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        8.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0056 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =139035,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3507.09        -0.76         0.00        -0.87         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3507.09        -0.76         0.00        -0.87         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.204  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.204  --->  O.K ! 
           -. Ratio      =   0.204  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2945.36 kN. 
           -. Vuz    =          3.28 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.37 
 
           -. Vuy    =          1.35 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1056.91 kN. 
           -. phiVcz    = phi * Vcz =      951.22 kN. 
 
           -. Vuy       =        1.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1018.93 kN. 
           -. phiVcy    = phi * Vcy =      917.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      640.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3907.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      640.06 kN. 
           -. phiVsz   = phi*Vsz =      576.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      633.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3945.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      633.84 kN. 
           -. phiVsy   = phi*Vsy =      570.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       3.550 kN. 
           -. Vr       =    1487.489 kN. 
           -. Ratio    = Vu / Vr = 0.002  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        3.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        3.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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10.2. CALZADA PEATONAL TRAMO 2 
 
------------------------------------------------------------------------------------------ 
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       +============================================================+ 
       |  MIDAS(Modeling, Integrated Design & Analysis Software)    | 
       |  MIDAS/Civil - Design & checking system for windows        | 
       +============================================================+ 
       |  RC-Member(Beam or Column) Analysis and Design             | 
       |  Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD07,    | 
       |            AASHTO-LRFD02, AASHTO-LFD96, ACI318-02,         | 
       |            CSA-S6-00, CSA-S6-14, Eurocode2-2:05,           | 
       |            SNiP 2.05.03-84*, SP 35.13330.2011,             | 
       |            SNiP 2.05.03-84*(MKS), SP 35.13330.2011(MKS),   | 
       |            IRC:21-2000, IRC:112-2011                       | 
       |                                                            | 
       |                                             (c)SINCE 1989  | 
       +============================================================+ 
       |  MIDAS Information Technology Co.,Ltd.         (MIDAS IT)  | 
       |  MIDAS IT Design Development Team                          | 
       +============================================================+ 
       |            HomePage : www.MidasUser.com                    | 
       +============================================================+ 
       |  MIDAS/Civil  Version 8.8.5                                | 
       +============================================================+ 
 
 
    *.DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS. 
-------------------------------------------------------------------------------------- 
     LCB  C    Loadcase Name(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor) 
-------------------------------------------------------------------------------------- 
     65+  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 
             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 
             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 
             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 
             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 
             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 
             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 
             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 
             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 
             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 
             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 
             +    PL10i-int_( 4.300) 
     65-  1       PL01d-ext_( 4.300) +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) 
             +    PL01i-int_( 4.300) +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) 
             +    PL02d-int_( 4.300) +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) 
             +    PL03i-ext_( 4.300) +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) 
             +    PL04d-ext_( 4.300) +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) 
             +    PL04i-int_( 4.300) +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) 
             +    PL05d-int_( 4.300) +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) 
             +    PL06i-ext_( 4.300) +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) 
             +    PL07d-ext_( 4.300) +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) 
             +    PL07i-int_( 4.300) +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) 
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             +    PL08d-int_( 4.300) +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) 
             +    PL09i-ext_( 4.300) +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) 
             +    PL10d-ext_( 4.300) +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) 
             +    PL10i-int_( 4.300) 
     66+  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 
             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 
             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 
             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 
             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 
             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 
             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 
             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 
             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 
             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 
             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 
             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 
             +    PL10i-int_( 7.190) 
     66-  1       PL01d-ext_( 7.190) +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) 
             +    PL01i-int_( 7.190) +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) 
             +    PL02d-int_( 7.190) +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) 
             +    PL03i-ext_( 7.190) +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) 
             +    PL04d-ext_( 7.190) +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) 
             +    PL04i-int_( 7.190) +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) 
             +    PL05d-int_( 7.190) +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) 
             +    PL06i-ext_( 7.190) +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) 
             +    PL07d-ext_( 7.190) +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) 
             +    PL07i-int_( 7.190) +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) 
             +    PL08d-int_( 7.190) +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) 
             +    PL09i-ext_( 7.190) +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) 
             +    PL10d-ext_( 7.190) +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) 
             +    PL10i-int_( 7.190) 
    148+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 
             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 
             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 
             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 
             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 
             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 
             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 
             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 
             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 
             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 
             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 
             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 
             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 
             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 
             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
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             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    148-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.525) 
             +    PL01i-ext_( 7.525) +    PL01d-int_( 7.525) +    PL01i-int_( 7.525) 
             +    PL02d-ext_( 7.525) +    PL02i-ext_( 7.525) +    PL02d-int_( 7.525) 
             +    PL02i-int_( 7.525) +    PL03d-ext_( 7.525) +    PL03i-ext_( 7.525) 
             +    PL03d-int_( 7.525) +    PL03i-int_( 7.525) +    PL04d-ext_( 7.525) 
             +    PL04i-ext_( 7.525) +    PL04d-int_( 7.525) +    PL04i-int_( 7.525) 
             +    PL05d-ext_( 7.525) +    PL05i-ext_( 7.525) +    PL05d-int_( 7.525) 
             +    PL05i-int_( 7.525) +    PL06d-ext_( 7.525) +    PL06i-ext_( 7.525) 
             +    PL06d-int_( 7.525) +    PL06i-int_( 7.525) +    PL07d-ext_( 7.525) 
             +    PL07i-ext_( 7.525) +    PL07d-int_( 7.525) +    PL07i-int_( 7.525) 
             +    PL08d-ext_( 7.525) +    PL08i-ext_( 7.525) +    PL08d-int_( 7.525) 
             +    PL08i-int_( 7.525) +    PL09d-ext_( 7.525) +    PL09i-ext_( 7.525) 
             +    PL09d-int_( 7.525) +    PL09i-int_( 7.525) +    PL10d-ext_( 7.525) 
             +    PL10i-ext_( 7.525) +    PL10d-int_( 7.525) +    PL10i-int_( 7.525) 
             +        TU_ENV( 1.200) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    149+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 
             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    149-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +        TU_ENV( 1.200) 
             +        WS_ENV( 1.400) +        TG_ENV( 0.500) +        SE01a_( 1.000) 
             +        SE01b_( 1.000) +        SE02a_( 1.000) +        SE02b_( 1.000) 
             +        SE03a_( 1.000) +        SE03b_( 1.000) +        SE04a_( 1.000) 
             +        SE04b_( 1.000) +        SE05a_( 1.000) +        SE05b_( 1.000) 
             +        SE06a_( 1.000) +        SE06b_( 1.000) +        SE07a_( 1.000) 
             +        SE07b_( 1.000) +        SE08a_( 1.000) +        SE08b_( 1.000) 
             +        SE09a_( 1.000) +        SE09b_( 1.000) +        SE10a_( 1.000) 
             +        SE10b_( 1.000) +        SE11a_( 1.000) +        SE11b_( 1.000) 
    151+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
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             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_1.0X/0.3Y_ENV( 1.000) 
    151-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_1.0X/0.3Y_ENV( 1.000) 
    152+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_0.3X/1.0Y_ENV( 1.000) 
    152-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 4.300) 
             +    PL01i-ext_( 4.300) +    PL01d-int_( 4.300) +    PL01i-int_( 4.300) 
             +    PL02d-ext_( 4.300) +    PL02i-ext_( 4.300) +    PL02d-int_( 4.300) 
             +    PL02i-int_( 4.300) +    PL03d-ext_( 4.300) +    PL03i-ext_( 4.300) 
             +    PL03d-int_( 4.300) +    PL03i-int_( 4.300) +    PL04d-ext_( 4.300) 
             +    PL04i-ext_( 4.300) +    PL04d-int_( 4.300) +    PL04i-int_( 4.300) 
             +    PL05d-ext_( 4.300) +    PL05i-ext_( 4.300) +    PL05d-int_( 4.300) 
             +    PL05i-int_( 4.300) +    PL06d-ext_( 4.300) +    PL06i-ext_( 4.300) 
             +    PL06d-int_( 4.300) +    PL06i-int_( 4.300) +    PL07d-ext_( 4.300) 
             +    PL07i-ext_( 4.300) +    PL07d-int_( 4.300) +    PL07i-int_( 4.300) 
             +    PL08d-ext_( 4.300) +    PL08i-ext_( 4.300) +    PL08d-int_( 4.300) 
             +    PL08i-int_( 4.300) +    PL09d-ext_( 4.300) +    PL09i-ext_( 4.300) 
             +    PL09d-int_( 4.300) +    PL09i-int_( 4.300) +    PL10d-ext_( 4.300) 
             +    PL10i-ext_( 4.300) +    PL10d-int_( 4.300) +    PL10i-int_( 4.300) 
             +EQ_0.3X/1.0Y_ENV( 1.000) 
    153+  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 
             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
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             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 
             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 
             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 
             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 
             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 
             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 
             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 
             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 
             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 
             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 
             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 
    153-  1     DC_0.90/1.25( 1.000) +  DW_0.65/1.50( 1.000) +    PL01d-ext_( 7.190) 
             +    PL01i-ext_( 7.190) +    PL01d-int_( 7.190) +    PL01i-int_( 7.190) 
             +    PL02d-ext_( 7.190) +    PL02i-ext_( 7.190) +    PL02d-int_( 7.190) 
             +    PL02i-int_( 7.190) +    PL03d-ext_( 7.190) +    PL03i-ext_( 7.190) 
             +    PL03d-int_( 7.190) +    PL03i-int_( 7.190) +    PL04d-ext_( 7.190) 
             +    PL04i-ext_( 7.190) +    PL04d-int_( 7.190) +    PL04i-int_( 7.190) 
             +    PL05d-ext_( 7.190) +    PL05i-ext_( 7.190) +    PL05d-int_( 7.190) 
             +    PL05i-int_( 7.190) +    PL06d-ext_( 7.190) +    PL06i-ext_( 7.190) 
             +    PL06d-int_( 7.190) +    PL06i-int_( 7.190) +    PL07d-ext_( 7.190) 
             +    PL07i-ext_( 7.190) +    PL07d-int_( 7.190) +    PL07i-int_( 7.190) 
             +    PL08d-ext_( 7.190) +    PL08i-ext_( 7.190) +    PL08d-int_( 7.190) 
             +    PL08i-int_( 7.190) +    PL09d-ext_( 7.190) +    PL09i-ext_( 7.190) 
             +    PL09d-int_( 7.190) +    PL09i-int_( 7.190) +    PL10d-ext_( 7.190) 
             +    PL10i-ext_( 7.190) +    PL10d-int_( 7.190) +    PL10i-int_( 7.190) 
-------------------------------------------------------------------------------------- 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112102,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            122.96      3657.66      2751.55       510.51       458.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      122.96      3657.66      2751.55       510.51       458.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2751.55 kN-m. 
           -. End Moments (My2) =     3657.66 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     3657.66 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     3657.66 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      458.53 kN-m. 
           -. End Moments (Mz2) =      510.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      510.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      510.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       164.854 kN. 
           -. Mry        =      4914.294 kN-m. 
           -. Mrz        =       689.790 kN-m. 
           -. Mr         =      4962.469 kN-m. 
           -. Pu/Pr      =   0.746  --->  O.K ! 
           -. Muy/Mry    =   0.744  --->  O.K ! 
           -. Muz/Mrz    =   0.740  --->  O.K ! 
           -. Mu/Mr      =   0.746  --->  O.K ! 
           -. Ratio      =   0.746  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2022.93 kN. 
           -. Vuz    =       1741.20 kN. 
           -. Muy    =      -3344.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  35.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.04 
 
           -. Vuy    =        382.40 kN. 
           -. Muz    =       -871.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   1.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1741.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      922.58 kN. 
           -. phiVcz    = phi * Vcz =      830.32 kN. 
 
           -. Vuy       =      382.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      880.42 kN. 
           -. phiVcy    = phi * Vcy =      792.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1910.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6225.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1910.49 kN. 
           -. phiVsz   = phi*Vsz =     1719.44 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1873.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6268.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1873.83 kN. 
           -. phiVsy   = phi*Vsy =     1686.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1782.697 kN. 
           -. Vr       =    2478.824 kN. 
           -. Ratio    = Vu / Vr = 0.719  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1873.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1910.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0110 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0110 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0110 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112103,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            134.88      2751.55      1915.06       458.53       428.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      134.88      2751.55      1915.06       458.53       428.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1915.06 kN-m. 
           -. End Moments (My2) =     2751.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2751.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2751.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      428.86 kN-m. 
           -. End Moments (Mz2) =      458.53 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      458.53 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      458.53 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       242.569 kN. 
           -. Mry        =      4910.553 kN-m. 
           -. Mrz        =       818.579 kN-m. 
           -. Mr         =      4978.313 kN-m. 
           -. Pu/Pr      =   0.556  --->  O.K ! 
           -. Muy/Mry    =   0.560  --->  O.K ! 
           -. Muz/Mrz    =   0.560  --->  O.K ! 
           -. Mu/Mr      =   0.560  --->  O.K ! 
           -. Ratio      =   0.560  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2039.66 kN. 
           -. Vuz    =       1604.77 kN. 
           -. Muy    =      -2474.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.26 
 
           -. Vuy    =        348.43 kN. 
           -. Muz    =       -772.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.16 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1604.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1020.26 kN. 
           -. phiVcz    = phi * Vcz =      918.23 kN. 
 
           -. Vuy       =      348.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      977.14 kN. 
           -. phiVcy    = phi * Vcy =      879.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1986.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6128.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1986.72 kN. 
           -. phiVsz   = phi*Vsz =     1788.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1954.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6171.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1954.46 kN. 
           -. phiVsy   = phi*Vsy =     1759.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1642.160 kN. 
           -. Vr       =    2638.434 kN. 
           -. Ratio    = Vu / Vr = 0.622  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1824.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1824.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0080 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0080 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0080 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112104,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            146.81      1915.06      1150.77       428.86       425.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      146.81      1915.06      1150.77       428.86       425.85 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1150.77 kN-m. 
           -. End Moments (My2) =     1915.06 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1915.06 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1915.06 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      425.85 kN-m. 
           -. End Moments (Mz2) =      428.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      428.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      428.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       370.997 kN. 
           -. Mry        =      4882.509 kN-m. 
           -. Mrz        =      1098.430 kN-m. 
           -. Mr         =      5004.542 kN-m. 
           -. Pu/Pr      =   0.396  --->  O.K ! 
           -. Muy/Mry    =   0.392  --->  O.K ! 
           -. Muz/Mrz    =   0.390  --->  O.K ! 
           -. Mu/Mr      =   0.396  --->  O.K ! 
           -. Ratio      =   0.396  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2056.38 kN. 
           -. Vuz    =       1464.44 kN. 
           -. Muy    =      -1672.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
 
           -. Vuy    =        314.40 kN. 
           -. Muz    =       -698.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1464.44 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1129.96 kN. 
           -. phiVcz    = phi * Vcz =     1016.97 kN. 
 
           -. Vuy       =      314.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1086.60 kN. 
           -. phiVcy    = phi * Vcy =      977.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6018.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.32 kN. 
           -. phiVsz   = phi*Vsz =     1854.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2032.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6061.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2032.57 kN. 
           -. phiVsy   = phi*Vsy =     1829.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1497.814 kN. 
           -. Vr       =    2807.248 kN. 
           -. Ratio    = Vu / Vr = 0.534  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1664.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1664.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0054 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0054 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112105,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            158.73      1150.77       462.72       425.85       463.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      158.73      1150.77       462.72       425.85       463.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      462.72 kN-m. 
           -. End Moments (My2) =     1150.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1150.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1150.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      425.85 kN-m. 
           -. End Moments (Mz2) =      463.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      425.85 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      425.85 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       657.111 kN. 
           -. Mry        =      4715.173 kN-m. 
           -. Mrz        =      1752.208 kN-m. 
           -. Mr         =      5030.218 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.244  --->  O.K ! 
           -. Muz/Mrz    =   0.243  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2089.76 kN. 
           -. Vuz    =       1321.69 kN. 
           -. Muy    =       -285.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        280.67 kN. 
           -. Muz    =       -651.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1321.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1242.85 kN. 
           -. phiVcz    = phi * Vcz =     1118.56 kN. 
 
           -. Vuy       =      280.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1200.16 kN. 
           -. phiVcy    = phi * Vcy =     1080.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2125.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5905.64 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2125.49 kN. 
           -. phiVsz   = phi*Vsz =     1912.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2101.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5948.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2101.96 kN. 
           -. phiVsy   = phi*Vsy =     1891.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1351.164 kN. 
           -. Vr       =    2971.900 kN. 
           -. Ratio    = Vu / Vr = 0.455  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1501.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1501.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112106,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2106.48      -285.90      -275.26      -651.05      -671.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2106.48      -285.90      -275.26      -651.05      -671.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      275.26 kN-m. 
           -. End Moments (My2) =      285.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -275.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -275.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      651.05 kN-m. 
           -. End Moments (Mz2) =      671.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -671.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -671.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13131.093 kN. 
           -. Mry        =      1720.049 kN-m. 
           -. Mrz        =      4181.213 kN-m. 
           -. Mr         =      4521.185 kN-m. 
           -. Pu/Pr      =   0.160  --->  O.K ! 
           -. Muy/Mry    =   0.160  --->  O.K ! 
           -. Muz/Mrz    =   0.161  --->  O.K ! 
           -. Mu/Mr      =   0.161  --->  O.K ! 
           -. Ratio      =   0.161  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2106.48 kN. 
           -. Vuz    =       1178.10 kN. 
           -. Muy    =       -275.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        247.75 kN. 
           -. Muz    =       -671.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1178.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.74 kN. 
           -. phiVcz    = phi * Vcz =     1156.27 kN. 
 
           -. Vuy       =      247.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.54 kN. 
           -. phiVcy    = phi * Vcy =     1118.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5863.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.39 kN. 
           -. phiVsz   = phi*Vsz =     1932.65 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5905.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.32 kN. 
           -. phiVsy   = phi*Vsy =     1912.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1203.868 kN. 
           -. Vr       =    3031.079 kN. 
           -. Ratio    = Vu / Vr = 0.397  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1337.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1337.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112107,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2123.19      -275.26      -794.81      -671.50      -692.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2123.19      -275.26      -794.81      -671.50      -692.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      275.26 kN-m. 
           -. End Moments (My2) =      794.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -794.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -794.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      671.50 kN-m. 
           -. End Moments (Mz2) =      692.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -692.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -692.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9834.131 kN. 
           -. Mry        =      3658.880 kN-m. 
           -. Mrz        =      3181.902 kN-m. 
           -. Mr         =      4848.907 kN-m. 
           -. Pu/Pr      =   0.216  --->  O.K ! 
           -. Muy/Mry    =   0.217  --->  O.K ! 
           -. Muz/Mrz    =   0.218  --->  O.K ! 
           -. Mu/Mr      =   0.218  --->  O.K ! 
           -. Ratio      =   0.218  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2123.19 kN. 
           -. Vuz    =       1035.26 kN. 
           -. Muy    =       -794.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        216.24 kN. 
           -. Muz    =       -692.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1035.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1303.43 kN. 
           -. phiVcz    = phi * Vcz =     1173.08 kN. 
 
           -. Vuy       =      216.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1261.49 kN. 
           -. phiVcy    = phi * Vcy =     1135.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5845.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.81 kN. 
           -. phiVsz   = phi*Vsz =     1941.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2135.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5887.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2135.38 kN. 
           -. phiVsy   = phi*Vsy =     1921.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1057.606 kN. 
           -. Vr       =    3057.178 kN. 
           -. Ratio    = Vu / Vr = 0.346  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1175.12 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1175.12 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112108,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            206.52       912.39      1338.21       577.82       627.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      206.52       912.39      1338.21       577.82       627.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      912.39 kN-m. 
           -. End Moments (My2) =     1338.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1338.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1338.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      577.82 kN-m. 
           -. End Moments (Mz2) =      627.39 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      627.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      627.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2217 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       705.054 kN. 
           -. Mry        =      4559.132 kN-m. 
           -. Mrz        =      2135.495 kN-m. 
           -. Mr         =      5034.484 kN-m. 
           -. Pu/Pr      =   0.293  --->  O.K ! 
           -. Muy/Mry    =   0.294  --->  O.K ! 
           -. Muz/Mrz    =   0.294  --->  O.K ! 
           -. Mu/Mr      =   0.294  --->  O.K ! 
           -. Ratio      =   0.294  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2139.91 kN. 
           -. Vuz    =        894.85 kN. 
           -. Muy    =      -1247.54 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        186.88 kN. 
           -. Muz    =       -709.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      894.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1257.47 kN. 
           -. phiVcz    = phi * Vcz =     1131.72 kN. 
 
           -. Vuy       =      186.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1214.93 kN. 
           -. phiVcy    = phi * Vcy =     1093.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2133.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5891.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2133.26 kN. 
           -. phiVsz   = phi*Vsz =     1919.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2110.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5933.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2110.25 kN. 
           -. phiVsy   = phi*Vsy =     1899.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     914.156 kN. 
           -. Vr       =    2992.660 kN. 
           -. Ratio    = Vu / Vr = 0.305  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1015.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1015.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112109,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            218.46      1338.21      1698.61       627.39       666.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      218.46      1338.21      1698.61       627.39       666.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1338.21 kN-m. 
           -. End Moments (My2) =     1698.61 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1698.61 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1698.61 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      627.39 kN-m. 
           -. End Moments (Mz2) =      666.13 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      666.13 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      666.13 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       599.341 kN. 
           -. Mry        =      4674.875 kN-m. 
           -. Mrz        =      1843.941 kN-m. 
           -. Mr         =      5025.393 kN-m. 
           -. Pu/Pr      =   0.364  --->  O.K ! 
           -. Muy/Mry    =   0.363  --->  O.K ! 
           -. Muz/Mrz    =   0.361  --->  O.K ! 
           -. Mu/Mr      =   0.364  --->  O.K ! 
           -. Ratio      =   0.364  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2156.62 kN. 
           -. Vuz    =        758.58 kN. 
           -. Muy    =      -1632.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        160.53 kN. 
           -. Muz    =       -718.28 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      758.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1219.07 kN. 
           -. phiVcz    = phi * Vcz =     1097.17 kN. 
 
           -. Vuy       =      160.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1176.16 kN. 
           -. phiVcy    = phi * Vcy =     1058.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2112.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5929.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2112.54 kN. 
           -. phiVsz   = phi*Vsz =     1901.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2088.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5972.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2088.15 kN. 
           -. phiVsy   = phi*Vsy =     1879.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     775.377 kN. 
           -. Vr       =    2937.878 kN. 
           -. Ratio    = Vu / Vr = 0.264  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      861.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      861.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112110,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            230.39      1698.61      1996.21       666.13       693.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      230.39      1698.61      1996.21       666.13       693.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1698.61 kN-m. 
           -. End Moments (My2) =     1996.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1996.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1996.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      666.13 kN-m. 
           -. End Moments (Mz2) =      693.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      693.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      693.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       548.027 kN. 
           -. Mry        =      4742.045 kN-m. 
           -. Mrz        =      1650.066 kN-m. 
           -. Mr         =      5020.927 kN-m. 
           -. Pu/Pr      =   0.420  --->  O.K ! 
           -. Muy/Mry    =   0.421  --->  O.K ! 
           -. Muz/Mrz    =   0.420  --->  O.K ! 
           -. Mu/Mr      =   0.421  --->  O.K ! 
           -. Ratio      =   0.421  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2173.33 kN. 
           -. Vuz    =        628.13 kN. 
           -. Muy    =      -1953.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =        138.09 kN. 
           -. Muz    =       -718.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      628.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1189.76 kN. 
           -. phiVcz    = phi * Vcz =     1070.78 kN. 
 
           -. Vuy       =      138.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1146.63 kN. 
           -. phiVcy    = phi * Vcy =     1031.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5958.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.03 kN. 
           -. phiVsz   = phi*Vsz =     1886.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2070.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6001.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2070.56 kN. 
           -. phiVsy   = phi*Vsy =     1863.50 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     643.129 kN. 
           -. Vr       =    2895.469 kN. 
           -. Ratio    = Vu / Vr = 0.222  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      714.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      714.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112111,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            242.33      1996.21      2234.02       693.50       710.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      242.33      1996.21      2234.02       693.50       710.46 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1996.21 kN-m. 
           -. End Moments (My2) =     2234.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2234.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2234.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      693.50 kN-m. 
           -. End Moments (Mz2) =      710.46 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      710.46 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      710.46 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       522.791 kN. 
           -. Mry        =      4783.894 kN-m. 
           -. Mrz        =      1518.550 kN-m. 
           -. Mr         =      5019.127 kN-m. 
           -. Pu/Pr      =   0.464  --->  O.K ! 
           -. Muy/Mry    =   0.467  --->  O.K ! 
           -. Muz/Mrz    =   0.468  --->  O.K ! 
           -. Mu/Mr      =   0.468  --->  O.K ! 
           -. Ratio      =   0.468  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2190.04 kN. 
           -. Vuz    =        505.14 kN. 
           -. Muy    =      -2212.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.59 
 
           -. Vuy    =        120.17 kN. 
           -. Muz    =       -711.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.49 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      505.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1168.74 kN. 
           -. phiVcz    = phi * Vcz =     1051.86 kN. 
 
           -. Vuy       =      120.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1125.49 kN. 
           -. phiVcy    = phi * Vcy =     1012.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2083.79 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5979.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2083.79 kN. 
           -. phiVsz   = phi*Vsz =     1875.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2057.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6022.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2057.53 kN. 
           -. phiVsy   = phi*Vsy =     1851.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     519.237 kN. 
           -. Vr       =    2864.724 kN. 
           -. Ratio    = Vu / Vr = 0.181  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      576.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      576.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112112,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            254.27      2234.02      2419.74       710.46       720.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      254.27      2234.02      2419.74       710.46       720.93 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2234.02 kN-m. 
           -. End Moments (My2) =     2419.74 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2232 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2419.74 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2419.74 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      710.46 kN-m. 
           -. End Moments (Mz2) =      720.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      720.93 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      720.93 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       505.217 kN. 
           -. Mry        =      4810.908 kN-m. 
           -. Mrz        =      1426.818 kN-m. 
           -. Mr         =      5018.032 kN-m. 
           -. Pu/Pr      =   0.503  --->  O.K ! 
           -. Muy/Mry    =   0.503  --->  O.K ! 
           -. Muz/Mrz    =   0.505  --->  O.K ! 
           -. Mu/Mr      =   0.505  --->  O.K ! 
           -. Ratio      =   0.505  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        254.27 kN. 
           -. Vuz    =        429.22 kN. 
           -. Muy    =       2419.74 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =         63.09 kN. 
           -. Muz    =        720.93 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      429.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1239.14 kN. 
           -. phiVcz    = phi * Vcz =     1115.22 kN. 
 
           -. Vuy       =       63.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1239.14 kN. 
           -. phiVcy    = phi * Vcy =     1115.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.49 kN. 
           -. phiVsz   = phi*Vsz =     1911.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.49 kN. 
           -. phiVsy   = phi*Vsy =     1911.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     433.828 kN. 
           -. Vr       =    3026.365 kN. 
           -. Ratio    = Vu / Vr = 0.143  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      482.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      482.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0084 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0084 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0084 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112113,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            266.22      2419.74      2538.87       720.93       717.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      266.22      2419.74      2538.87       720.93       717.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2419.74 kN-m. 
           -. End Moments (My2) =     2538.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2538.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2538.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      717.52 kN-m. 
           -. End Moments (Mz2) =      720.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      717.52 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      717.52 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       505.355 kN. 
           -. Mry        =      4829.106 kN-m. 
           -. Mrz        =      1359.893 kN-m. 
           -. Mr         =      5016.929 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.526  --->  O.K ! 
           -. Muz/Mrz    =   0.528  --->  O.K ! 
           -. Mu/Mr      =   0.528  --->  O.K ! 
           -. Ratio      =   0.528  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        266.22 kN. 
           -. Vuz    =        273.61 kN. 
           -. Muy    =       2538.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =         57.16 kN. 
           -. Muz    =        717.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      273.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1241.74 kN. 
           -. phiVcz    = phi * Vcz =     1117.56 kN. 
 
           -. Vuy       =       57.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1241.74 kN. 
           -. phiVcy    = phi * Vcy =     1117.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5906.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.89 kN. 
           -. phiVsz   = phi*Vsz =     1912.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2124.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.75 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2124.89 kN. 
           -. phiVsy   = phi*Vsy =     1912.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     279.516 kN. 
           -. Vr       =    3029.965 kN. 
           -. Ratio    = Vu / Vr = 0.092  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      310.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      310.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0084 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0084 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0084 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112114,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            278.16      2538.87      2572.83       717.52       700.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      278.16      2538.87      2572.83       717.52       700.56 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2538.87 kN-m. 
           -. End Moments (My2) =     2572.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2572.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2572.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      700.56 kN-m. 
           -. End Moments (Mz2) =      717.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      700.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      700.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       527.360 kN. 
           -. Mry        =      4842.478 kN-m. 
           -. Mrz        =      1315.547 kN-m. 
           -. Mr         =      5017.993 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.531  --->  O.K ! 
           -. Muz/Mrz    =   0.533  --->  O.K ! 
           -. Mu/Mr      =   0.533  --->  O.K ! 
           -. Ratio      =   0.533  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2240.15 kN. 
           -. Vuz    =         69.63 kN. 
           -. Muy    =      -2599.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
 
           -. Vuy    =         88.40 kN. 
           -. Muz    =       -647.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       69.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1165.11 kN. 
           -. phiVcz    = phi * Vcz =     1048.60 kN. 
 
           -. Vuy       =       88.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1121.85 kN. 
           -. phiVcy    = phi * Vcy =     1009.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2081.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5983.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2081.65 kN. 
           -. phiVsz   = phi*Vsz =     1873.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2055.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6026.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2055.25 kN. 
           -. phiVsy   = phi*Vsy =     1849.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     112.531 kN. 
           -. Vr       =    2859.390 kN. 
           -. Ratio    = Vu / Vr = 0.039  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      125.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      125.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112115,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            278.12      2572.83      2533.64       700.56       670.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      278.12      2572.83      2533.64       700.56       670.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2533.64 kN-m. 
           -. End Moments (My2) =     2572.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2572.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2572.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      670.23 kN-m. 
           -. End Moments (Mz2) =      700.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      700.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      700.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       527.360 kN. 
           -. Mry        =      4842.478 kN-m. 
           -. Mrz        =      1315.547 kN-m. 
           -. Mr         =      5017.993 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.531  --->  O.K ! 
           -. Muz/Mrz    =   0.533  --->  O.K ! 
           -. Mu/Mr      =   0.533  --->  O.K ! 
           -. Ratio      =   0.533  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2240.20 kN. 
           -. Vuz    =         72.90 kN. 
           -. Muy    =      -2599.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
 
           -. Vuy    =         97.72 kN. 
           -. Muz    =       -647.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1163.94 kN. 
           -. phiVcz    = phi * Vcz =     1047.54 kN. 
 
           -. Vuy       =       97.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1120.67 kN. 
           -. phiVcy    = phi * Vcy =     1008.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2080.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5984.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2080.95 kN. 
           -. phiVsz   = phi*Vsz =     1872.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2054.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6027.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2054.51 kN. 
           -. phiVsy   = phi*Vsy =     1849.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     121.914 kN. 
           -. Vr       =    2857.669 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      135.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      135.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112116,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            290.07      2533.64      2434.23       670.23       628.45 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      290.07      2533.64      2434.23       670.23       628.45 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2434.23 kN-m. 
           -. End Moments (My2) =     2533.64 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2533.64 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2533.64 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      628.45 kN-m. 
           -. End Moments (Mz2) =      670.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      670.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      670.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2249 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       555.532 kN. 
           -. Mry        =      4853.374 kN-m. 
           -. Mrz        =      1282.303 kN-m. 
           -. Mr         =      5019.915 kN-m. 
           -. Pu/Pr      =   0.522  --->  O.K ! 
           -. Muy/Mry    =   0.522  --->  O.K ! 
           -. Muz/Mrz    =   0.523  --->  O.K ! 
           -. Mu/Mr      =   0.523  --->  O.K ! 
           -. Ratio      =   0.523  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2256.90 kN. 
           -. Vuz    =        194.31 kN. 
           -. Muy    =      -2569.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
 
           -. Vuy    =        107.29 kN. 
           -. Muz    =       -607.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.46 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      194.31 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1156.02 kN. 
           -. phiVcz    = phi * Vcz =     1040.42 kN. 
 
           -. Vuy       =      107.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1112.73 kN. 
           -. phiVcy    = phi * Vcy =     1001.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2076.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5992.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2076.23 kN. 
           -. phiVsz   = phi*Vsz =     1868.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2049.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6035.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2049.49 kN. 
           -. phiVsy   = phi*Vsy =     1844.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     221.967 kN. 
           -. Vr       =    2845.991 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      246.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      246.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0050 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0050 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0050 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112117,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            302.02      2434.23      2287.88       628.45       578.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      302.02      2434.23      2287.88       628.45       578.28 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2287.88 kN-m. 
           -. End Moments (My2) =     2434.23 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2252 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2434.23 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2434.23 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      578.28 kN-m. 
           -. End Moments (Mz2) =      628.45 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      628.45 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      628.45 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       603.920 kN. 
           -. Mry        =      4864.515 kN-m. 
           -. Mrz        =      1255.580 kN-m. 
           -. Mr         =      5023.941 kN-m. 
           -. Pu/Pr      =   0.500  --->  O.K ! 
           -. Muy/Mry    =   0.500  --->  O.K ! 
           -. Muz/Mrz    =   0.501  --->  O.K ! 
           -. Mu/Mr      =   0.501  --->  O.K ! 
           -. Ratio      =   0.501  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2273.59 kN. 
           -. Vuz    =        289.57 kN. 
           -. Muy    =      -2476.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
 
           -. Vuy    =        113.49 kN. 
           -. Muz    =       -559.88 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.47 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      289.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1158.43 kN. 
           -. phiVcz    = phi * Vcz =     1042.59 kN. 
 
           -. Vuy       =      113.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1115.15 kN. 
           -. phiVcy    = phi * Vcy =     1003.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2077.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5990.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2077.67 kN. 
           -. phiVsz   = phi*Vsz =     1869.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2051.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6033.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2051.02 kN. 
           -. phiVsy   = phi*Vsy =     1845.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     311.013 kN. 
           -. Vr       =    2849.555 kN. 
           -. Ratio    = Vu / Vr = 0.109  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      345.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      345.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112118,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            313.97      2287.88      2107.57       578.28       522.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      313.97      2287.88      2107.57       578.28       522.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2107.57 kN-m. 
           -. End Moments (My2) =     2287.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2287.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2287.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      522.67 kN-m. 
           -. End Moments (Mz2) =      578.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      578.28 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      578.28 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       665.622 kN. 
           -. Mry        =      4876.634 kN-m. 
           -. Mrz        =      1233.504 kN-m. 
           -. Mr         =      5030.218 kN-m. 
           -. Pu/Pr      =   0.472  --->  O.K ! 
           -. Muy/Mry    =   0.469  --->  O.K ! 
           -. Muz/Mrz    =   0.469  --->  O.K ! 
           -. Mu/Mr      =   0.472  --->  O.K ! 
           -. Ratio      =   0.472  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2290.29 kN. 
           -. Vuz    =        358.95 kN. 
           -. Muy    =      -2334.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.59 
 
           -. Vuy    =        115.79 kN. 
           -. Muz    =       -506.94 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.50 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      358.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1170.81 kN. 
           -. phiVcz    = phi * Vcz =     1053.73 kN. 
 
           -. Vuy       =      115.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1127.58 kN. 
           -. phiVcy    = phi * Vcy =     1014.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2085.02 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5977.67 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2085.02 kN. 
           -. phiVsz   = phi*Vsz =     1876.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2058.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6020.91 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2058.84 kN. 
           -. phiVsy   = phi*Vsy =     1852.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     377.167 kN. 
           -. Vr       =    2867.773 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      419.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      419.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112119,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            325.93      2107.57      1905.49       522.67       464.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      325.93      2107.57      1905.49       522.67       464.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1905.49 kN-m. 
           -. End Moments (My2) =     2107.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2107.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2107.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      464.38 kN-m. 
           -. End Moments (Mz2) =      522.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      522.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      522.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       758.788 kN. 
           -. Mry        =      4891.043 kN-m. 
           -. Mrz        =      1215.146 kN-m. 
           -. Mr         =      5039.730 kN-m. 
           -. Pu/Pr      =   0.430  --->  O.K ! 
           -. Muy/Mry    =   0.431  --->  O.K ! 
           -. Muz/Mrz    =   0.430  --->  O.K ! 
           -. Mu/Mr      =   0.431  --->  O.K ! 
           -. Ratio      =   0.431  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2306.98 kN. 
           -. Vuz    =        404.56 kN. 
           -. Muy    =      -2156.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =        115.01 kN. 
           -. Muz    =       -451.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      404.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.75 kN. 
           -. phiVcz    = phi * Vcz =     1072.58 kN. 
 
           -. Vuy       =      115.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1148.64 kN. 
           -. phiVcy    = phi * Vcy =     1033.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2097.17 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5956.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2097.17 kN. 
           -. phiVsz   = phi*Vsz =     1887.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5999.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.78 kN. 
           -. phiVsy   = phi*Vsy =     1864.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     420.594 kN. 
           -. Vr       =    2898.370 kN. 
           -. Ratio    = Vu / Vr = 0.145  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      467.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      467.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112120,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            337.89      1905.49      1692.82       464.38       405.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      337.89      1905.49      1692.82       464.38       405.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1692.82 kN-m. 
           -. End Moments (My2) =     1905.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1905.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1905.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      405.94 kN-m. 
           -. End Moments (Mz2) =      464.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      464.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      464.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       873.237 kN. 
           -. Mry        =      4906.011 kN-m. 
           -. Mrz        =      1194.640 kN-m. 
           -. Mr         =      5049.367 kN-m. 
           -. Pu/Pr      =   0.387  --->  O.K ! 
           -. Muy/Mry    =   0.388  --->  O.K ! 
           -. Muz/Mrz    =   0.389  --->  O.K ! 
           -. Mu/Mr      =   0.389  --->  O.K ! 
           -. Ratio      =   0.389  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2323.67 kN. 
           -. Vuz    =        428.60 kN. 
           -. Muy    =      -1953.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        110.80 kN. 
           -. Muz    =       -395.04 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      428.60 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1219.98 kN. 
           -. phiVcz    = phi * Vcz =     1097.98 kN. 
 
           -. Vuy       =      110.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1177.08 kN. 
           -. phiVcy    = phi * Vcy =     1059.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5928.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.04 kN. 
           -. phiVsz   = phi*Vsz =     1901.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2088.69 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5971.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2088.69 kN. 
           -. phiVsy   = phi*Vsy =     1879.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     442.695 kN. 
           -. Vr       =    2939.186 kN. 
           -. Ratio    = Vu / Vr = 0.151  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      491.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      491.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112121,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            349.84      1692.82      1479.57       405.94       349.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      349.84      1692.82      1479.57       405.94       349.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1479.57 kN-m. 
           -. End Moments (My2) =     1692.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1692.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1692.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      349.51 kN-m. 
           -. End Moments (Mz2) =      405.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      405.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      405.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1024.672 kN. 
           -. Mry        =      4923.467 kN-m. 
           -. Mrz        =      1174.852 kN-m. 
           -. Mr         =      5061.700 kN-m. 
           -. Pu/Pr      =   0.341  --->  O.K ! 
           -. Muy/Mry    =   0.344  --->  O.K ! 
           -. Muz/Mrz    =   0.346  --->  O.K ! 
           -. Mu/Mr      =   0.346  --->  O.K ! 
           -. Ratio      =   0.346  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2340.36 kN. 
           -. Vuz    =        432.02 kN. 
           -. Muy    =      -1739.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        104.06 kN. 
           -. Muz    =       -340.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      432.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1254.42 kN. 
           -. phiVcz    = phi * Vcz =     1128.98 kN. 
 
           -. Vuy       =      104.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1211.85 kN. 
           -. phiVcy    = phi * Vcy =     1090.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2131.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5894.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2131.66 kN. 
           -. phiVsz   = phi*Vsz =     1918.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2108.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5936.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2108.53 kN. 
           -. phiVsy   = phi*Vsy =     1897.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     444.377 kN. 
           -. Vr       =    2988.347 kN. 
           -. Ratio    = Vu / Vr = 0.149  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      493.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      493.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112122,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2357.05     -1523.66     -1314.95      -288.89      -242.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2357.05     -1523.66     -1314.95      -288.89      -242.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1314.95 kN-m. 
           -. End Moments (My2) =     1523.66 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1523.66 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1523.66 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      242.07 kN-m. 
           -. End Moments (Mz2) =      288.89 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -288.89 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -288.89 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7765.547 kN. 
           -. Mry        =      4987.850 kN-m. 
           -. Mrz        =       951.922 kN-m. 
           -. Mr         =      5077.874 kN-m. 
           -. Pu/Pr      =   0.304  --->  O.K ! 
           -. Muy/Mry    =   0.305  --->  O.K ! 
           -. Muz/Mrz    =   0.303  --->  O.K ! 
           -. Mu/Mr      =   0.305  --->  O.K ! 
           -. Ratio      =   0.305  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2357.05 kN. 
           -. Vuz    =        417.46 kN. 
           -. Muy    =      -1523.66 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =         94.56 kN. 
           -. Muz    =       -288.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.42 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      417.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1293.81 kN. 
           -. phiVcz    = phi * Vcz =     1164.43 kN. 
 
           -. Vuy       =       94.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1251.73 kN. 
           -. phiVcy    = phi * Vcy =     1126.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2151.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5854.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2151.99 kN. 
           -. phiVsz   = phi*Vsz =     1936.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2130.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5896.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2130.23 kN. 
           -. phiVsy   = phi*Vsy =     1917.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     428.036 kN. 
           -. Vr       =    3043.762 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      475.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      475.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112123,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2373.73     -1314.95     -1120.31      -242.07      -200.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2373.73     -1314.95     -1120.31      -242.07      -200.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1120.31 kN-m. 
           -. End Moments (My2) =     1314.95 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1314.95 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1314.95 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      200.69 kN-m. 
           -. End Moments (Mz2) =      242.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -242.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -242.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8732.584 kN. 
           -. Mry        =      4857.934 kN-m. 
           -. Mrz        =       887.088 kN-m. 
           -. Mr         =      4938.263 kN-m. 
           -. Pu/Pr      =   0.272  --->  O.K ! 
           -. Muy/Mry    =   0.271  --->  O.K ! 
           -. Muz/Mrz    =   0.273  --->  O.K ! 
           -. Mu/Mr      =   0.273  --->  O.K ! 
           -. Ratio      =   0.273  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2373.73 kN. 
           -. Vuz    =        389.28 kN. 
           -. Muy    =      -1314.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =         83.45 kN. 
           -. Muz    =       -242.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2278 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      389.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1336.44 kN. 
           -. phiVcz    = phi * Vcz =     1202.79 kN. 
 
           -. Vuy       =       83.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1295.03 kN. 
           -. phiVcy    = phi * Vcy =     1165.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2172.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5812.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2172.93 kN. 
           -. phiVsz   = phi*Vsz =     1955.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2152.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5853.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2152.60 kN. 
           -. phiVsy   = phi*Vsy =     1937.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     398.122 kN. 
           -. Vr       =    3102.866 kN. 
           -. Ratio    = Vu / Vr = 0.128  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      442.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      442.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112124,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2390.41     -1120.31      -939.71      -200.69      -163.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2390.41     -1120.31      -939.71      -200.69      -163.74 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      939.71 kN-m. 
           -. End Moments (My2) =     1120.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1120.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1120.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      163.74 kN-m. 
           -. End Moments (Mz2) =      200.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -200.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -200.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10153.466 kN. 
           -. Mry        =      4745.097 kN-m. 
           -. Mrz        =       843.087 kN-m. 
           -. Mr         =      4819.412 kN-m. 
           -. Pu/Pr      =   0.235  --->  O.K ! 
           -. Muy/Mry    =   0.236  --->  O.K ! 
           -. Muz/Mrz    =   0.238  --->  O.K ! 
           -. Mu/Mr      =   0.238  --->  O.K ! 
           -. Ratio      =   0.238  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2390.41 kN. 
           -. Vuz    =        361.20 kN. 
           -. Muy    =      -1120.31 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
 
           -. Vuy    =         74.51 kN. 
           -. Muz    =       -200.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      361.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1378.86 kN. 
           -. phiVcz    = phi * Vcz =     1240.98 kN. 
 
           -. Vuy       =       74.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1338.25 kN. 
           -. phiVcy    = phi * Vcy =     1204.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2192.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5769.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2192.75 kN. 
           -. phiVsz   = phi*Vsz =     1973.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2173.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5810.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2173.80 kN. 
           -. phiVsy   = phi*Vsy =     1956.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     368.807 kN. 
           -. Vr       =    3160.847 kN. 
           -. Ratio    = Vu / Vr = 0.117  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      409.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      409.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112125,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2407.09      -939.71      -775.76      -163.74      -131.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2407.09      -939.71      -775.76      -163.74      -131.44 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      775.76 kN-m. 
           -. End Moments (My2) =      939.71 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2284 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -939.71 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -939.71 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      131.44 kN-m. 
           -. End Moments (Mz2) =      163.74 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -163.74 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -163.74 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11833.555 kN. 
           -. Mry        =      4589.420 kN-m. 
           -. Mrz        =       804.818 kN-m. 
           -. Mr         =      4659.454 kN-m. 
           -. Pu/Pr      =   0.203  --->  O.K ! 
           -. Muy/Mry    =   0.205  --->  O.K ! 
           -. Muz/Mrz    =   0.203  --->  O.K ! 
           -. Mu/Mr      =   0.205  --->  O.K ! 
           -. Ratio      =   0.205  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2407.09 kN. 
           -. Vuz    =        327.89 kN. 
           -. Muy    =       -939.71 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.15 
 
           -. Vuy    =         65.13 kN. 
           -. Muz    =       -163.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.06 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      327.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1421.90 kN. 
           -. phiVcz    = phi * Vcz =     1279.71 kN. 
 
           -. Vuy       =       65.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1382.23 kN. 
           -. phiVcy    = phi * Vcy =     1244.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2211.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5726.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2211.90 kN. 
           -. phiVsz   = phi*Vsz =     1990.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2194.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5766.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2194.29 kN. 
           -. phiVsy   = phi*Vsy =     1974.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     334.300 kN. 
           -. Vr       =    3218.871 kN. 
           -. Ratio    = Vu / Vr = 0.104  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      371.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      371.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112126,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2423.77      -775.76      -630.08      -131.44      -103.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2423.77      -775.76      -630.08      -131.44      -103.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      630.08 kN-m. 
           -. End Moments (My2) =      775.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -775.76 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -775.76 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      103.82 kN-m. 
           -. End Moments (Mz2) =      131.44 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -131.44 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -131.44 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13716.125 kN. 
           -. Mry        =      4392.410 kN-m. 
           -. Mrz        =       737.017 kN-m. 
           -. Mr         =      4453.814 kN-m. 
           -. Pu/Pr      =   0.177  --->  O.K ! 
           -. Muy/Mry    =   0.177  --->  O.K ! 
           -. Muz/Mrz    =   0.178  --->  O.K ! 
           -. Mu/Mr      =   0.178  --->  O.K ! 
           -. Ratio      =   0.178  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2423.77 kN. 
           -. Vuz    =        291.38 kN. 
           -. Muy    =       -775.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
 
           -. Vuy    =         55.67 kN. 
           -. Muz    =       -131.44 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.16 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      291.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1464.39 kN. 
           -. phiVcz    = phi * Vcz =     1317.95 kN. 
 
           -. Vuy       =       55.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1425.81 kN. 
           -. phiVcy    = phi * Vcy =     1283.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2229.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5684.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2229.92 kN. 
           -. phiVsz   = phi*Vsz =     2006.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2213.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5722.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2213.59 kN. 
           -. phiVsy   = phi*Vsy =     1992.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     296.648 kN. 
           -. Vr       =    3275.460 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      329.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      329.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112127,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2440.45      -630.08      -502.26      -103.82       -80.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2440.45      -630.08      -502.26      -103.82       -80.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      502.26 kN-m. 
           -. End Moments (My2) =      630.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -630.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -630.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       80.51 kN-m. 
           -. End Moments (Mz2) =      103.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -103.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -103.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15824.616 kN. 
           -. Mry        =      4117.007 kN-m. 
           -. Mrz        =       680.436 kN-m. 
           -. Mr         =      4172.858 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.153  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2440.45 kN. 
           -. Vuz    =        255.63 kN. 
           -. Muy    =       -630.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =         46.98 kN. 
           -. Muz    =       -103.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      255.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1504.78 kN. 
           -. phiVcz    = phi * Vcz =     1354.30 kN. 
 
           -. Vuy       =       46.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1467.35 kN. 
           -. phiVcy    = phi * Vcy =     1320.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2246.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5643.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2246.28 kN. 
           -. phiVsz   = phi*Vsz =     2021.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2231.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5681.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2231.14 kN. 
           -. phiVsy   = phi*Vsy =     2008.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     259.916 kN. 
           -. Vr       =    3328.645 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      288.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      288.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112128,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2457.12      -502.26      -386.49       -80.51       -60.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2457.12      -502.26      -386.49       -80.51       -60.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      386.49 kN-m. 
           -. End Moments (My2) =      502.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -502.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -502.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       60.02 kN-m. 
           -. End Moments (Mz2) =       80.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -80.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -80.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2297 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18133.235 kN. 
           -. Mry        =      3741.625 kN-m. 
           -. Mrz        =       592.109 kN-m. 
           -. Mr         =      3788.186 kN-m. 
           -. Pu/Pr      =   0.136  --->  O.K ! 
           -. Muy/Mry    =   0.134  --->  O.K ! 
           -. Muz/Mrz    =   0.136  --->  O.K ! 
           -. Mu/Mr      =   0.136  --->  O.K ! 
           -. Ratio      =   0.136  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2457.12 kN. 
           -. Vuz    =        231.54 kN. 
           -. Muy    =       -502.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =         41.41 kN. 
           -. Muz    =        -80.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.33 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      231.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1540.20 kN. 
           -. phiVcz    = phi * Vcz =     1386.18 kN. 
 
           -. Vuy       =       41.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1503.88 kN. 
           -. phiVcy    = phi * Vcy =     1353.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2260.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5608.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2260.06 kN. 
           -. phiVsz   = phi*Vsz =     2034.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2245.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5644.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2245.93 kN. 
           -. phiVsy   = phi*Vsy =     2021.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     235.212 kN. 
           -. Vr       =    3374.830 kN. 
           -. Ratio    = Vu / Vr = 0.070  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      261.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      261.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112129,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2473.79      -386.49      -282.16       -60.02       -42.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2473.79      -386.49      -282.16       -60.02       -42.10 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      282.16 kN-m. 
           -. End Moments (My2) =      386.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -386.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -386.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.10 kN-m. 
           -. End Moments (Mz2) =       60.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -60.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -60.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     20629.556 kN. 
           -. Mry        =      3224.564 kN-m. 
           -. Mrz        =       504.166 kN-m. 
           -. Mr         =      3263.740 kN-m. 
           -. Pu/Pr      =   0.120  --->  O.K ! 
           -. Muy/Mry    =   0.120  --->  O.K ! 
           -. Muz/Mrz    =   0.119  --->  O.K ! 
           -. Mu/Mr      =   0.120  --->  O.K ! 
           -. Ratio      =   0.120  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2473.79 kN. 
           -. Vuz    =        208.68 kN. 
           -. Muy    =       -386.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.48 
 
           -. Vuy    =         36.35 kN. 
           -. Muz    =        -60.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      208.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1573.77 kN. 
           -. phiVcz    = phi * Vcz =     1416.39 kN. 
 
           -. Vuy       =       36.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1538.60 kN. 
           -. phiVcy    = phi * Vcy =     1384.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2272.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5574.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2272.66 kN. 
           -. phiVsz   = phi*Vsz =     2045.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2259.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5609.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2259.45 kN. 
           -. phiVsy   = phi*Vsy =     2033.51 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     211.820 kN. 
           -. Vr       =    3418.251 kN. 
           -. Ratio    = Vu / Vr = 0.062  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      235.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      235.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2678.43      -183.15      -122.51       -71.84       -46.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2678.43      -183.15      -122.51       -71.84       -46.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      122.51 kN-m. 
           -. End Moments (My2) =      183.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -122.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -122.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       46.42 kN-m. 
           -. End Moments (Mz2) =       71.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -46.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -46.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =      1116.442 kN-m. 
           -. Mrz        =       422.486 kN-m. 
           -. Mr         =      1193.708 kN-m. 
           -. Pu/Pr      =   0.110  --->  O.K ! 
           -. Muy/Mry    =   0.110  --->  O.K ! 
           -. Muz/Mrz    =   0.110  --->  O.K ! 
           -. Mu/Mr      =   0.110  --->  O.K ! 
           -. Ratio      =   0.110  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2490.46 kN. 
           -. Vuz    =        187.67 kN. 
           -. Muy    =       -282.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.55 
 
           -. Vuy    =         31.89 kN. 
           -. Muz    =        -42.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      187.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1605.17 kN. 
           -. phiVcz    = phi * Vcz =     1444.66 kN. 
 
           -. Vuy       =       31.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1571.16 kN. 
           -. phiVcy    = phi * Vcy =     1414.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2284.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5543.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2284.06 kN. 
           -. phiVsz   = phi*Vsz =     2055.65 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2271.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5577.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2271.70 kN. 
           -. phiVsy   = phi*Vsy =     2044.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     190.362 kN. 
           -. Vr       =    3458.571 kN. 
           -. Ratio    = Vu / Vr = 0.055  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      211.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      211.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112131,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2695.11      -122.51       -73.56       -46.42       -26.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2695.11      -122.51       -73.56       -46.42       -26.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       73.56 kN-m. 
           -. End Moments (My2) =      122.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -73.56 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -73.56 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       26.51 kN-m. 
           -. End Moments (Mz2) =       46.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -26.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -26.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       666.341 kN-m. 
           -. Mrz        =       239.455 kN-m. 
           -. Mr         =       708.060 kN-m. 
           -. Pu/Pr      =   0.110  --->  O.K ! 
           -. Muy/Mry    =   0.110  --->  O.K ! 
           -. Muz/Mrz    =   0.111  --->  O.K ! 
           -. Mu/Mr      =   0.111  --->  O.K ! 
           -. Ratio      =   0.111  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2507.13 kN. 
           -. Vuz    =        151.25 kN. 
           -. Muy    =       -188.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.63 
 
           -. Vuy    =         24.47 kN. 
           -. Muz    =        -26.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      151.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1638.66 kN. 
           -. phiVcz    = phi * Vcz =     1474.79 kN. 
 
           -. Vuy       =       24.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1605.95 kN. 
           -. phiVcy    = phi * Vcy =     1445.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2295.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5509.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2295.81 kN. 
           -. phiVsz   = phi*Vsz =     2066.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2284.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5542.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2284.34 kN. 
           -. phiVsy   = phi*Vsy =     2055.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     153.221 kN. 
           -. Vr       =    3501.262 kN. 
           -. Ratio    = Vu / Vr = 0.044  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      170.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      170.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112132,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2711.78       -73.56       -39.55       -26.51       -13.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2711.78       -73.56       -39.55       -26.51       -13.39 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       39.55 kN-m. 
           -. End Moments (My2) =       73.56 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -39.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -39.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       13.39 kN-m. 
           -. End Moments (Mz2) =       26.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -13.39 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -13.39 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       355.770 kN-m. 
           -. Mrz        =       120.939 kN-m. 
           -. Mr         =       375.764 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.111  --->  O.K ! 
           -. Muz/Mrz    =   0.111  --->  O.K ! 
           -. Mu/Mr      =   0.111  --->  O.K ! 
           -. Ratio      =   0.111  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2523.80 kN. 
           -. Vuz    =        104.81 kN. 
           -. Muy    =       -112.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.70 
 
           -. Vuy    =         15.58 kN. 
           -. Muz    =        -14.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.63 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      104.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1670.65 kN. 
           -. phiVcz    = phi * Vcz =     1503.58 kN. 
 
           -. Vuy       =       15.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1639.28 kN. 
           -. phiVcy    = phi * Vcy =     1475.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2306.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5477.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2306.69 kN. 
           -. phiVsz   = phi*Vsz =     2076.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2296.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5509.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2296.03 kN. 
           -. phiVsy   = phi*Vsy =     2066.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     105.961 kN. 
           -. Vr       =    3541.780 kN. 
           -. Ratio    = Vu / Vr = 0.030  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      117.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      117.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112133,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2728.45       -39.55       -17.86       -13.39        -5.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2728.45       -39.55       -17.86       -13.39        -5.63 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       17.86 kN-m. 
           -. End Moments (My2) =       39.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -17.86 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -17.86 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        5.63 kN-m. 
           -. End Moments (Mz2) =       13.39 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -5.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -5.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       159.767 kN-m. 
           -. Mrz        =        50.424 kN-m. 
           -. Mr         =       167.536 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.112  --->  O.K ! 
           -. Mu/Mr      =   0.112  --->  O.K ! 
           -. Ratio      =   0.112  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2557.12 kN. 
           -. Vuz    =         66.53 kN. 
           -. Muy    =        -27.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.75 
 
           -. Vuy    =          8.93 kN. 
           -. Muz    =         -3.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.42 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       66.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1693.10 kN. 
           -. phiVcz    = phi * Vcz =     1523.79 kN. 
 
           -. Vuy       =        8.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1662.72 kN. 
           -. phiVcy    = phi * Vcy =     1496.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2314.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5455.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2314.12 kN. 
           -. phiVsz   = phi*Vsz =     2082.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2304.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5485.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2304.02 kN. 
           -. phiVsy   = phi*Vsy =     2073.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      67.122 kN. 
           -. Vr       =    3570.073 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       74.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       74.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112134,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2745.11       -17.86        -5.85        -5.63        -1.71 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2745.11       -17.86        -5.85        -5.63        -1.71 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.85 kN-m. 
           -. End Moments (My2) =       17.86 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.71 kN-m. 
           -. End Moments (Mz2) =        5.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.71 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.71 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        51.971 kN-m. 
           -. Mrz        =        15.195 kN-m. 
           -. Mr         =        54.147 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.113  --->  O.K ! 
           -. Mu/Mr      =   0.113  --->  O.K ! 
           -. Ratio      =   0.113  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2573.78 kN. 
           -. Vuz    =         36.63 kN. 
           -. Muy    =         -8.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.78 
 
           -. Vuy    =          4.60 kN. 
           -. Muz    =         -1.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.71 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       36.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1706.90 kN. 
           -. phiVcz    = phi * Vcz =     1536.21 kN. 
 
           -. Vuy       =        4.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1677.15 kN. 
           -. phiVcy    = phi * Vcy =     1509.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2318.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5441.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2318.60 kN. 
           -. phiVsz   = phi*Vsz =     2086.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2308.85 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5471.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2308.85 kN. 
           -. phiVsy   = phi*Vsy =     2077.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      36.915 kN. 
           -. Vr       =    3587.398 kN. 
           -. Ratio    = Vu / Vr = 0.010  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       41.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       41.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112135,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2761.78        -5.85        -0.79        -1.71        -0.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2761.78        -5.85        -0.79        -1.71        -0.29 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.79 kN-m. 
           -. End Moments (My2) =        5.85 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.29 kN-m. 
           -. End Moments (Mz2) =        1.71 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         7.021 kN-m. 
           -. Mrz        =         2.523 kN-m. 
           -. Mr         =         7.461 kN-m. 
           -. Pu/Pr      =   0.113  --->  O.K ! 
           -. Muy/Mry    =   0.113  --->  O.K ! 
           -. Muz/Mrz    =   0.113  --->  O.K ! 
           -. Mu/Mr      =   0.113  --->  O.K ! 
           -. Ratio      =   0.113  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2590.44 kN. 
           -. Vuz    =         15.19 kN. 
           -. Muy    =         -1.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.80 
 
           -. Vuy    =          2.34 kN. 
           -. Muz    =         -0.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.73 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1716.23 kN. 
           -. phiVcz    = phi * Vcz =     1544.61 kN. 
 
           -. Vuy       =        2.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1686.91 kN. 
           -. phiVcy    = phi * Vcy =     1518.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2321.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5432.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2321.60 kN. 
           -. phiVsz   = phi*Vsz =     2089.44 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2312.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5461.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2312.08 kN. 
           -. phiVsy   = phi*Vsy =     2080.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.374 kN. 
           -. Vr       =    3599.092 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112136,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2778.44        -0.79         0.00        -0.29         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2778.44        -0.79         0.00        -0.29         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.114  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.114  --->  O.K ! 
           -. Ratio      =   0.114  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2607.10 kN. 
           -. Vuz    =          2.25 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.74 
 
           -. Vuy    =          0.93 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        2.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1691.88 kN. 
           -. phiVcz    = phi * Vcz =     1522.70 kN. 
 
           -. Vuy       =        0.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1691.88 kN. 
           -. phiVcy    = phi * Vcy =     1522.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2313.72 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5456.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2313.72 kN. 
           -. phiVsz   = phi*Vsz =     2082.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2313.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5456.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2313.72 kN. 
           -. phiVsy   = phi*Vsy =     2082.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.432 kN. 
           -. Vr       =    3605.040 kN. 
           -. Ratio    = Vu / Vr =6.746e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        2.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        2.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112202,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            214.50      3097.59      2244.19      2173.32      1781.97 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      214.50      3097.59      2244.19      2173.32      1781.97 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2244.19 kN-m. 
           -. End Moments (My2) =     3097.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     3097.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     3097.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1781.97 kN-m. 
           -. End Moments (Mz2) =     2173.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2173.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2173.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       285.487 kN. 
           -. Mry        =      4086.143 kN-m. 
           -. Mrz        =      2861.623 kN-m. 
           -. Mr         =      4988.531 kN-m. 
           -. Pu/Pr      =   0.751  --->  O.K ! 
           -. Muy/Mry    =   0.758  --->  O.K ! 
           -. Muz/Mrz    =   0.759  --->  O.K ! 
           -. Mu/Mr      =   0.759  --->  O.K ! 
           -. Ratio      =   0.759  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        214.50 kN. 
           -. Vuz    =       1708.62 kN. 
           -. Muy    =       3097.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  35.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.02 
 
           -. Vuy    =        792.12 kN. 
           -. Muz    =       2173.32 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.02 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1708.62 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      914.35 kN. 
           -. phiVcz    = phi * Vcz =      822.91 kN. 
 
           -. Vuy       =      792.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      914.35 kN. 
           -. phiVcy    = phi * Vcy =      822.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1903.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6234.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1903.52 kN. 
           -. phiVsz   = phi*Vsz =     1713.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1903.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6234.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1903.52 kN. 
           -. phiVsy   = phi*Vsy =     1713.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1883.307 kN. 
           -. Vr       =    2536.083 kN. 
           -. Ratio    = Vu / Vr = 0.743  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1903.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1903.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0153 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0153 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0153 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112203,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            226.42      2244.19      1460.39      1781.97      1417.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      226.42      2244.19      1460.39      1781.97      1417.21 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1460.39 kN-m. 
           -. End Moments (My2) =     2244.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2244.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2244.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1417.21 kN-m. 
           -. End Moments (Mz2) =     1781.97 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1781.97 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1781.97 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       396.542 kN. 
           -. Mry        =      3922.309 kN-m. 
           -. Mrz        =      3113.593 kN-m. 
           -. Mr         =      5007.890 kN-m. 
           -. Pu/Pr      =   0.571  --->  O.K ! 
           -. Muy/Mry    =   0.572  --->  O.K ! 
           -. Muz/Mrz    =   0.572  --->  O.K ! 
           -. Mu/Mr      =   0.572  --->  O.K ! 
           -. Ratio      =   0.572  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        226.42 kN. 
           -. Vuz    =       1570.87 kN. 
           -. Muy    =       2244.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.27 
 
           -. Vuy    =        743.10 kN. 
           -. Muz    =       1781.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.27 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1570.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1026.40 kN. 
           -. phiVcz    = phi * Vcz =      923.76 kN. 
 
           -. Vuy       =      743.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1026.40 kN. 
           -. phiVcy    = phi * Vcy =      923.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1991.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6122.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1991.15 kN. 
           -. phiVsz   = phi*Vsz =     1792.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1991.15 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6122.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1991.15 kN. 
           -. phiVsy   = phi*Vsy =     1792.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1737.766 kN. 
           -. Vr       =    2715.803 kN. 
           -. Ratio    = Vu / Vr = 0.640  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1930.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1930.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0120 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0120 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0120 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112204,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            238.35      1460.39       749.90      1417.21      1083.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      238.35      1460.39       749.90      1417.21      1083.42 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      749.90 kN-m. 
           -. End Moments (My2) =     1460.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1460.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1460.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1083.42 kN-m. 
           -. End Moments (Mz2) =     1417.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1417.21 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1417.21 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       582.558 kN. 
           -. Mry        =      3607.589 kN-m. 
           -. Mrz        =      3495.973 kN-m. 
           -. Mr         =      5023.597 kN-m. 
           -. Pu/Pr      =   0.409  --->  O.K ! 
           -. Muy/Mry    =   0.405  --->  O.K ! 
           -. Muz/Mrz    =   0.405  --->  O.K ! 
           -. Mu/Mr      =   0.409  --->  O.K ! 
           -. Ratio      =   0.409  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        238.35 kN. 
           -. Vuz    =       1429.56 kN. 
           -. Muy    =       1460.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
 
           -. Vuy    =        691.44 kN. 
           -. Muz    =       1417.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1429.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1156.70 kN. 
           -. phiVcz    = phi * Vcz =     1041.03 kN. 
 
           -. Vuy       =      691.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1156.70 kN. 
           -. phiVcy    = phi * Vcy =     1041.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2076.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5991.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2076.63 kN. 
           -. phiVsz   = phi*Vsz =     1868.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2076.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5991.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2076.63 kN. 
           -. phiVsy   = phi*Vsy =     1868.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1587.996 kN. 
           -. Vr       =    2909.995 kN. 
           -. Ratio    = Vu / Vr = 0.546  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1764.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1764.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0092 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0092 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0092 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112205,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            250.28       749.90       156.53      1083.42       790.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      250.28       749.90       156.53      1083.42       790.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      156.53 kN-m. 
           -. End Moments (My2) =      749.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      749.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      749.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      790.23 kN-m. 
           -. End Moments (Mz2) =     1083.42 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1083.42 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1083.42 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       966.532 kN. 
           -. Mry        =      2881.809 kN-m. 
           -. Mrz        =      4155.103 kN-m. 
           -. Mr         =      5056.649 kN-m. 
           -. Pu/Pr      =   0.259  --->  O.K ! 
           -. Muy/Mry    =   0.260  --->  O.K ! 
           -. Muz/Mrz    =   0.261  --->  O.K ! 
           -. Mu/Mr      =   0.261  --->  O.K ! 
           -. Ratio      =   0.261  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        250.28 kN. 
           -. Vuz    =       1286.17 kN. 
           -. Muy    =        749.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        637.71 kN. 
           -. Muz    =       1083.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.88 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1286.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1302.86 kN. 
           -. phiVcz    = phi * Vcz =     1172.57 kN. 
 
           -. Vuy       =      637.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1302.86 kN. 
           -. phiVcy    = phi * Vcy =     1172.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5845.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.52 kN. 
           -. phiVsz   = phi*Vsz =     1940.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2156.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5845.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2156.52 kN. 
           -. phiVsy   = phi*Vsy =     1940.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1435.582 kN. 
           -. Vr       =    3113.442 kN. 
           -. Ratio    = Vu / Vr = 0.461  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1595.09 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1595.09 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0068 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0068 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0068 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112206,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            274.20       156.53       639.77       790.23       557.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      274.20       156.53       639.77       790.23       557.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      156.53 kN-m. 
           -. End Moments (My2) =      639.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      639.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      639.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      557.84 kN-m. 
           -. End Moments (Mz2) =      790.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      557.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      557.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1660.658 kN. 
           -. Mry        =      3855.175 kN-m. 
           -. Mrz        =      3350.521 kN-m. 
           -. Mr         =      5107.677 kN-m. 
           -. Pu/Pr      =   0.165  --->  O.K ! 
           -. Muy/Mry    =   0.166  --->  O.K ! 
           -. Muz/Mrz    =   0.166  --->  O.K ! 
           -. Mu/Mr      =   0.166  --->  O.K ! 
           -. Ratio      =   0.166  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2055.46 kN. 
           -. Vuz    =       1114.08 kN. 
           -. Muy    =       -563.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        487.13 kN. 
           -. Muz    =       -352.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1114.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.95 kN. 
           -. phiVcz    = phi * Vcz =     1156.46 kN. 
 
           -. Vuy       =      487.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.76 kN. 
           -. phiVcy    = phi * Vcy =     1118.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5863.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.50 kN. 
           -. phiVsz   = phi*Vsz =     1932.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5905.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.44 kN. 
           -. phiVsy   = phi*Vsy =     1912.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1215.920 kN. 
           -. Vr       =    3031.377 kN. 
           -. Ratio    = Vu / Vr = 0.401  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1351.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1351.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112207,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            286.14       639.77      1105.38       557.84       394.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      286.14       639.77      1105.38       557.84       394.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      639.77 kN-m. 
           -. End Moments (My2) =     1105.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1105.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1105.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      394.80 kN-m. 
           -. End Moments (Mz2) =      557.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      394.80 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      394.80 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1225.678 kN. 
           -. Mry        =      4776.768 kN-m. 
           -. Mrz        =      1705.986 kN-m. 
           -. Mr         =      5072.268 kN-m. 
           -. Pu/Pr      =   0.233  --->  O.K ! 
           -. Muy/Mry    =   0.231  --->  O.K ! 
           -. Muz/Mrz    =   0.231  --->  O.K ! 
           -. Mu/Mr      =   0.233  --->  O.K ! 
           -. Ratio      =   0.233  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        286.14 kN. 
           -. Vuz    =        999.47 kN. 
           -. Muy    =       1105.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.06 
 
           -. Vuy    =        526.59 kN. 
           -. Muz    =        394.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.06 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      999.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1384.24 kN. 
           -. phiVcz    = phi * Vcz =     1245.82 kN. 
 
           -. Vuy       =      526.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1384.24 kN. 
           -. phiVcy    = phi * Vcy =     1245.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2195.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5764.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2195.20 kN. 
           -. phiVsz   = phi*Vsz =     1975.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2195.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5764.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2195.20 kN. 
           -. phiVsy   = phi*Vsy =     1975.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1129.709 kN. 
           -. Vr       =    3221.494 kN. 
           -. Ratio    = Vu / Vr = 0.351  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1255.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1255.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112208,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            298.07      1105.38      1505.51       394.80       353.48 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      298.07      1105.38      1505.51       394.80       353.48 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1105.38 kN-m. 
           -. End Moments (My2) =     1505.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1505.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1505.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      353.48 kN-m. 
           -. End Moments (Mz2) =      394.80 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      353.48 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      353.48 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       978.842 kN. 
           -. Mry        =      4924.999 kN-m. 
           -. Mrz        =      1151.820 kN-m. 
           -. Mr         =      5057.895 kN-m. 
           -. Pu/Pr      =   0.305  --->  O.K ! 
           -. Muy/Mry    =   0.306  --->  O.K ! 
           -. Muz/Mrz    =   0.307  --->  O.K ! 
           -. Mu/Mr      =   0.307  --->  O.K ! 
           -. Ratio      =   0.307  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        298.07 kN. 
           -. Vuz    =        859.42 kN. 
           -. Muy    =       1505.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        470.57 kN. 
           -. Muz    =        353.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      859.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1331.63 kN. 
           -. phiVcz    = phi * Vcz =     1198.47 kN. 
 
           -. Vuy       =      470.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1331.63 kN. 
           -. phiVcy    = phi * Vcy =     1198.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5816.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.62 kN. 
           -. phiVsz   = phi*Vsz =     1953.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5816.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.62 kN. 
           -. phiVsy   = phi*Vsy =     1953.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     979.812 kN. 
           -. Vr       =    3152.029 kN. 
           -. Ratio    = Vu / Vr = 0.311  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1088.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1088.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0064 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0064 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0064 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2359 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112209,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            310.01      1505.51      1840.48       353.48       445.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      310.01      1505.51      1840.48       353.48       445.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1505.51 kN-m. 
           -. End Moments (My2) =     1840.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1840.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1840.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      353.48 kN-m. 
           -. End Moments (Mz2) =      445.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      445.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      445.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       824.351 kN. 
           -. Mry        =      4903.607 kN-m. 
           -. Mrz        =      1187.366 kN-m. 
           -. Mr         =      5045.315 kN-m. 
           -. Pu/Pr      =   0.376  --->  O.K ! 
           -. Muy/Mry    =   0.375  --->  O.K ! 
           -. Muz/Mrz    =   0.375  --->  O.K ! 
           -. Mu/Mr      =   0.376  --->  O.K ! 
           -. Ratio      =   0.376  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        310.01 kN. 
           -. Vuz    =        723.81 kN. 
           -. Muy    =       1840.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.20 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
 
           -. Vuy    =        415.26 kN. 
           -. Muz    =        445.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      723.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1286.97 kN. 
           -. phiVcz    = phi * Vcz =     1158.27 kN. 
 
           -. Vuy       =      415.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1286.97 kN. 
           -. phiVcy    = phi * Vcy =     1158.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2148.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5861.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2148.53 kN. 
           -. phiVsz   = phi*Vsz =     1933.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2148.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5861.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2148.53 kN. 
           -. phiVsy   = phi*Vsy =     1933.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     834.472 kN. 
           -. Vr       =    3091.947 kN. 
           -. Ratio    = Vu / Vr = 0.270  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      927.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      927.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0072 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0072 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0072 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112210,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            321.95      1840.48      2112.97       445.49       554.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      321.95      1840.48      2112.97       445.49       554.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1840.48 kN-m. 
           -. End Moments (My2) =     2112.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2112.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2112.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      445.49 kN-m. 
           -. End Moments (Mz2) =      554.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      554.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      554.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       740.371 kN. 
           -. Mry        =      4872.795 kN-m. 
           -. Mrz        =      1278.126 kN-m. 
           -. Mr         =      5037.632 kN-m. 
           -. Pu/Pr      =   0.435  --->  O.K ! 
           -. Muy/Mry    =   0.434  --->  O.K ! 
           -. Muz/Mrz    =   0.434  --->  O.K ! 
           -. Mu/Mr      =   0.435  --->  O.K ! 
           -. Ratio      =   0.435  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        321.95 kN. 
           -. Vuz    =        594.31 kN. 
           -. Muy    =       2112.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        361.43 kN. 
           -. Muz    =        554.87 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.78 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      594.31 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1254.29 kN. 
           -. phiVcz    = phi * Vcz =     1128.86 kN. 
 
           -. Vuy       =      361.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1254.29 kN. 
           -. phiVcy    = phi * Vcy =     1128.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2131.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5894.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2131.59 kN. 
           -. phiVsz   = phi*Vsz =     1918.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2131.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5894.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2131.59 kN. 
           -. phiVsy   = phi*Vsy =     1918.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     695.587 kN. 
           -. Vr       =    3047.290 kN. 
           -. Ratio    = Vu / Vr = 0.228  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      772.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      772.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0077 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0077 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0077 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112211,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            333.89      2112.97      2327.70       554.87       654.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      333.89      2112.97      2327.70       554.87       654.09 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2112.97 kN-m. 
           -. End Moments (My2) =     2327.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2327.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2327.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      554.87 kN-m. 
           -. End Moments (Mz2) =      654.09 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      654.09 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      654.09 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       696.253 kN. 
           -. Mry        =      4847.689 kN-m. 
           -. Mrz        =      1358.665 kN-m. 
           -. Mr         =      5034.487 kN-m. 
           -. Pu/Pr      =   0.480  --->  O.K ! 
           -. Muy/Mry    =   0.480  --->  O.K ! 
           -. Muz/Mrz    =   0.481  --->  O.K ! 
           -. Mu/Mr      =   0.481  --->  O.K ! 
           -. Ratio      =   0.481  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        333.89 kN. 
           -. Vuz    =        472.53 kN. 
           -. Muy    =       2327.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        309.76 kN. 
           -. Muz    =        654.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.73 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      472.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1231.99 kN. 
           -. phiVcz    = phi * Vcz =     1108.79 kN. 
 
           -. Vuy       =      309.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1231.99 kN. 
           -. phiVcy    = phi * Vcy =     1108.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2119.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5916.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2119.62 kN. 
           -. phiVsz   = phi*Vsz =     1907.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2119.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5916.50 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2119.62 kN. 
           -. phiVsy   = phi*Vsy =     1907.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     565.013 kN. 
           -. Vr       =    3016.450 kN. 
           -. Ratio    = Vu / Vr = 0.187  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      627.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      627.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0082 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0082 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0082 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112212,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            345.83      2327.70      2490.41       654.09       739.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      345.83      2327.70      2490.41       654.09       739.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2327.70 kN-m. 
           -. End Moments (My2) =     2490.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2490.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2490.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      654.09 kN-m. 
           -. End Moments (Mz2) =      739.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      739.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      739.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       676.478 kN. 
           -. Mry        =      4824.901 kN-m. 
           -. Mrz        =      1430.574 kN-m. 
           -. Mr         =      5032.516 kN-m. 
           -. Pu/Pr      =   0.511  --->  O.K ! 
           -. Muy/Mry    =   0.516  --->  O.K ! 
           -. Muz/Mrz    =   0.517  --->  O.K ! 
           -. Mu/Mr      =   0.517  --->  O.K ! 
           -. Ratio      =   0.517  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        345.83 kN. 
           -. Vuz    =        360.00 kN. 
           -. Muy    =       2490.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        261.00 kN. 
           -. Muz    =        739.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      360.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1217.98 kN. 
           -. phiVcz    = phi * Vcz =     1096.18 kN. 
 
           -. Vuy       =      261.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1217.98 kN. 
           -. phiVcy    = phi * Vcy =     1096.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2111.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5930.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2111.94 kN. 
           -. phiVsz   = phi*Vsz =     1900.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2111.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5930.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2111.94 kN. 
           -. phiVsy   = phi*Vsy =     1900.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     444.657 kN. 
           -. Vr       =    2996.923 kN. 
           -. Ratio    = Vu / Vr = 0.148  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      494.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      494.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0085 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0085 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0085 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112213,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            357.78      2490.41      2585.18       739.60       803.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      357.78      2490.41      2585.18       739.60       803.57 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2490.41 kN-m. 
           -. End Moments (My2) =     2585.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2585.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2585.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      739.60 kN-m. 
           -. End Moments (Mz2) =      803.57 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      803.57 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      803.57 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       668.876 kN. 
           -. Mry        =      4805.105 kN-m. 
           -. Mrz        =      1492.788 kN-m. 
           -. Mr         =      5031.645 kN-m. 
           -. Pu/Pr      =   0.535  --->  O.K ! 
           -. Muy/Mry    =   0.538  --->  O.K ! 
           -. Muz/Mrz    =   0.538  --->  O.K ! 
           -. Mu/Mr      =   0.538  --->  O.K ! 
           -. Ratio      =   0.538  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        357.78 kN. 
           -. Vuz    =        212.44 kN. 
           -. Muy    =       2585.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        195.75 kN. 
           -. Muz    =        803.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.70 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2378 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      212.44 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1221.42 kN. 
           -. phiVcz    = phi * Vcz =     1099.28 kN. 
 
           -. Vuy       =      195.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1221.42 kN. 
           -. phiVcy    = phi * Vcy =     1099.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5927.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.84 kN. 
           -. phiVsz   = phi*Vsz =     1902.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2113.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5927.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2113.84 kN. 
           -. phiVsy   = phi*Vsy =     1902.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     288.882 kN. 
           -. Vr       =    3001.737 kN. 
           -. Ratio    = Vu / Vr = 0.096  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      320.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      320.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0084 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0084 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0084 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112214,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            369.72      2585.18      2599.39       803.57       839.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      369.72      2585.18      2599.39       803.57       839.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2585.18 kN-m. 
           -. End Moments (My2) =     2599.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2599.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2599.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      803.57 kN-m. 
           -. End Moments (Mz2) =      839.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      839.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      839.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       681.585 kN. 
           -. Mry        =      4788.818 kN-m. 
           -. Mrz        =      1547.211 kN-m. 
           -. Mr         =      5032.558 kN-m. 
           -. Pu/Pr      =   0.542  --->  O.K ! 
           -. Muy/Mry    =   0.543  --->  O.K ! 
           -. Muz/Mrz    =   0.542  --->  O.K ! 
           -. Mu/Mr      =   0.543  --->  O.K ! 
           -. Ratio      =   0.543  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        369.72 kN. 
           -. Vuz    =         45.85 kN. 
           -. Muy    =       2599.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        121.52 kN. 
           -. Muz    =        839.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       45.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1240.21 kN. 
           -. phiVcz    = phi * Vcz =     1116.19 kN. 
 
           -. Vuy       =      121.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1240.21 kN. 
           -. phiVcy    = phi * Vcy =     1116.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5908.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.07 kN. 
           -. phiVsz   = phi*Vsz =     1911.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2124.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5908.28 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2124.07 kN. 
           -. phiVsy   = phi*Vsy =     1911.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     129.885 kN. 
           -. Vr       =    3027.847 kN. 
           -. Ratio    = Vu / Vr = 0.043  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      144.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      144.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0082 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0082 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0082 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112215,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            369.68      2599.39      2543.60       839.30       846.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      369.68      2599.39      2543.60       839.30       846.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2543.60 kN-m. 
           -. End Moments (My2) =     2599.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2599.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2599.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      839.30 kN-m. 
           -. End Moments (Mz2) =      846.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      839.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      839.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2385 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       681.585 kN. 
           -. Mry        =      4788.818 kN-m. 
           -. Mrz        =      1547.211 kN-m. 
           -. Mr         =      5032.558 kN-m. 
           -. Pu/Pr      =   0.542  --->  O.K ! 
           -. Muy/Mry    =   0.543  --->  O.K ! 
           -. Muz/Mrz    =   0.542  --->  O.K ! 
           -. Mu/Mr      =   0.543  --->  O.K ! 
           -. Ratio      =   0.543  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        369.68 kN. 
           -. Vuz    =        122.10 kN. 
           -. Muy    =       2599.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =         68.63 kN. 
           -. Muz    =        839.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      122.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1238.66 kN. 
           -. phiVcz    = phi * Vcz =     1114.79 kN. 
 
           -. Vuy       =       68.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1238.66 kN. 
           -. phiVcy    = phi * Vcy =     1114.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.23 kN. 
           -. phiVsz   = phi*Vsz =     1910.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.23 kN. 
           -. phiVsy   = phi*Vsy =     1910.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     140.063 kN. 
           -. Vr       =    3025.702 kN. 
           -. Ratio    = Vu / Vr = 0.046  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      155.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      155.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0082 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0082 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0082 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112216,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            381.63      2543.60      2430.99       846.86       830.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      381.63      2543.60      2430.99       846.86       830.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2430.99 kN-m. 
           -. End Moments (My2) =     2543.60 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2543.60 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2543.60 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      830.60 kN-m. 
           -. End Moments (Mz2) =      846.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      846.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      846.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       722.258 kN. 
           -. Mry        =      4777.158 kN-m. 
           -. Mrz        =      1593.446 kN-m. 
           -. Mr         =      5035.901 kN-m. 
           -. Pu/Pr      =   0.528  --->  O.K ! 
           -. Muy/Mry    =   0.532  --->  O.K ! 
           -. Muz/Mrz    =   0.531  --->  O.K ! 
           -. Mu/Mr      =   0.532  --->  O.K ! 
           -. Ratio      =   0.532  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2205.86 kN. 
           -. Vuz    =        225.25 kN. 
           -. Muy    =      -2555.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.54 
 
           -. Vuy    =         36.49 kN. 
           -. Muz    =       -916.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2390 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      225.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1147.94 kN. 
           -. phiVcz    = phi * Vcz =     1033.14 kN. 
 
           -. Vuy       =       36.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1104.61 kN. 
           -. phiVcy    = phi * Vcy =      994.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2071.35 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6000.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2071.35 kN. 
           -. phiVsz   = phi*Vsz =     1864.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2044.30 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6043.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2044.30 kN. 
           -. phiVsy   = phi*Vsy =     1839.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     228.190 kN. 
           -. Vr       =    2834.022 kN. 
           -. Ratio    = Vu / Vr = 0.081  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      253.54 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      253.54 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0053 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0054 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0054 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112217,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            393.58      2430.99      2274.33       830.60       794.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      393.58      2430.99      2274.33       830.60       794.74 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2274.33 kN-m. 
           -. End Moments (My2) =     2430.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2430.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2430.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      794.74 kN-m. 
           -. End Moments (Mz2) =      830.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      830.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      830.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       769.129 kN. 
           -. Mry        =      4767.691 kN-m. 
           -. Mrz        =      1633.648 kN-m. 
           -. Mr         =      5039.810 kN-m. 
           -. Pu/Pr      =   0.512  --->  O.K ! 
           -. Muy/Mry    =   0.510  --->  O.K ! 
           -. Muz/Mrz    =   0.508  --->  O.K ! 
           -. Mu/Mr      =   0.512  --->  O.K ! 
           -. Ratio      =   0.512  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2222.55 kN. 
           -. Vuz    =        312.75 kN. 
           -. Muy    =      -2446.25 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.55 
 
           -. Vuy    =         71.31 kN. 
           -. Muz    =       -909.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.47 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      312.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1150.41 kN. 
           -. phiVcz    = phi * Vcz =     1035.37 kN. 
 
           -. Vuy       =       71.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1107.10 kN. 
           -. phiVcy    = phi * Vcy =      996.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2072.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5998.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2072.85 kN. 
           -. phiVsz   = phi*Vsz =     1865.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2045.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6041.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2045.89 kN. 
           -. phiVsy   = phi*Vsy =     1841.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     320.773 kN. 
           -. Vr       =    2837.692 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      356.41 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      356.41 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112218,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            405.54      2274.33      2086.31       794.74       743.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      405.54      2274.33      2086.31       794.74       743.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2086.31 kN-m. 
           -. End Moments (My2) =     2274.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2274.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2274.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      743.87 kN-m. 
           -. End Moments (Mz2) =      794.74 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      794.74 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      794.74 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       848.830 kN. 
           -. Mry        =      4762.006 kN-m. 
           -. Mrz        =      1670.512 kN-m. 
           -. Mr         =      5046.515 kN-m. 
           -. Pu/Pr      =   0.478  --->  O.K ! 
           -. Muy/Mry    =   0.478  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.478  --->  O.K ! 
           -. Ratio      =   0.478  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2239.25 kN. 
           -. Vuz    =        375.15 kN. 
           -. Muy    =      -2292.09 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
 
           -. Vuy    =        103.35 kN. 
           -. Muz    =       -877.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      375.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1163.04 kN. 
           -. phiVcz    = phi * Vcz =     1046.74 kN. 
 
           -. Vuy       =      103.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1119.78 kN. 
           -. phiVcy    = phi * Vcy =     1007.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2080.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5985.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2080.42 kN. 
           -. phiVsz   = phi*Vsz =     1872.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2053.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6028.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2053.95 kN. 
           -. phiVsy   = phi*Vsy =     1848.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     389.122 kN. 
           -. Vr       =    2856.352 kN. 
           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      432.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      432.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112219,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            417.50      2086.31      1878.90       743.87       682.45 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      417.50      2086.31      1878.90       743.87       682.45 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1878.90 kN-m. 
           -. End Moments (My2) =     2086.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2086.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2086.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      682.45 kN-m. 
           -. End Moments (Mz2) =      743.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      743.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      743.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2401 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       950.288 kN. 
           -. Mry        =      4758.851 kN-m. 
           -. Mrz        =      1704.944 kN-m. 
           -. Mr         =      5055.047 kN-m. 
           -. Pu/Pr      =   0.439  --->  O.K ! 
           -. Muy/Mry    =   0.438  --->  O.K ! 
           -. Muz/Mrz    =   0.436  --->  O.K ! 
           -. Mu/Mr      =   0.439  --->  O.K ! 
           -. Ratio      =   0.439  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2255.94 kN. 
           -. Vuz    =        414.30 kN. 
           -. Muy    =      -2105.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
 
           -. Vuy    =        127.55 kN. 
           -. Muz    =       -828.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      414.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1184.43 kN. 
           -. phiVcz    = phi * Vcz =     1065.99 kN. 
 
           -. Vuy       =      127.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1141.27 kN. 
           -. phiVcy    = phi * Vcy =     1027.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5964.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.96 kN. 
           -. phiVsz   = phi*Vsz =     1883.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2067.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6007.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2067.29 kN. 
           -. phiVsy   = phi*Vsy =     1860.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     433.488 kN. 
           -. Vr       =    2887.708 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      481.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      481.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112220,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            429.45      1878.90      1663.04       682.45       614.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      429.45      1878.90      1663.04       682.45       614.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1663.04 kN-m. 
           -. End Moments (My2) =     1878.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1878.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1878.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      614.62 kN-m. 
           -. End Moments (Mz2) =      682.45 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      682.45 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      682.45 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1087.091 kN. 
           -. Mry        =      4758.956 kN-m. 
           -. Mrz        =      1738.317 kN-m. 
           -. Mr         =      5066.498 kN-m. 
           -. Pu/Pr      =   0.395  --->  O.K ! 
           -. Muy/Mry    =   0.395  --->  O.K ! 
           -. Muz/Mrz    =   0.393  --->  O.K ! 
           -. Mu/Mr      =   0.395  --->  O.K ! 
           -. Ratio      =   0.395  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2272.63 kN. 
           -. Vuz    =        432.32 kN. 
           -. Muy    =      -1898.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.69 
 
           -. Vuy    =        143.88 kN. 
           -. Muz    =       -765.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.59 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      432.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1213.27 kN. 
           -. phiVcz    = phi * Vcz =     1091.95 kN. 
 
           -. Vuy       =      143.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1170.31 kN. 
           -. phiVcy    = phi * Vcy =     1053.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2109.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5935.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2109.32 kN. 
           -. phiVsz   = phi*Vsz =     1898.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2084.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5978.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2084.72 kN. 
           -. phiVsy   = phi*Vsy =     1876.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     455.632 kN. 
           -. Vr       =    2929.528 kN. 
           -. Ratio    = Vu / Vr = 0.156  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      506.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      506.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112221,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            441.41      1663.04      1448.45       614.62       544.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      441.41      1663.04      1448.45       614.62       544.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1448.45 kN-m. 
           -. End Moments (My2) =     1663.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1663.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1663.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      544.13 kN-m. 
           -. End Moments (Mz2) =      614.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      614.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      614.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1251.769 kN. 
           -. Mry        =      4759.672 kN-m. 
           -. Mrz        =      1759.180 kN-m. 
           -. Mr         =      5074.366 kN-m. 
           -. Pu/Pr      =   0.353  --->  O.K ! 
           -. Muy/Mry    =   0.349  --->  O.K ! 
           -. Muz/Mrz    =   0.349  --->  O.K ! 
           -. Mu/Mr      =   0.353  --->  O.K ! 
           -. Ratio      =   0.353  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2289.32 kN. 
           -. Vuz    =        430.86 kN. 
           -. Muy    =      -1682.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
 
           -. Vuy    =        152.17 kN. 
           -. Muz    =       -693.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      430.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1248.43 kN. 
           -. phiVcz    = phi * Vcz =     1123.59 kN. 
 
           -. Vuy       =      152.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1205.80 kN. 
           -. phiVcy    = phi * Vcy =     1085.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2128.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5900.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2128.47 kN. 
           -. phiVsz   = phi*Vsz =     1915.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2105.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5942.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2105.14 kN. 
           -. phiVsy   = phi*Vsy =     1894.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     456.944 kN. 
           -. Vr       =    2979.840 kN. 
           -. Ratio    = Vu / Vr = 0.153  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      507.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      507.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112222,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2306.00     -1467.14     -1260.92      -617.63      -541.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2306.00     -1467.14     -1260.92      -617.63      -541.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1260.92 kN-m. 
           -. End Moments (My2) =     1467.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1467.14 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1467.14 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      541.24 kN-m. 
           -. End Moments (Mz2) =      617.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -617.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -617.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7421.890 kN. 
           -. Mry        =      4714.234 kN-m. 
           -. Mrz        =      1986.830 kN-m. 
           -. Mr         =      5115.808 kN-m. 
           -. Pu/Pr      =   0.311  --->  O.K ! 
           -. Muy/Mry    =   0.311  --->  O.K ! 
           -. Muz/Mrz    =   0.311  --->  O.K ! 
           -. Mu/Mr      =   0.311  --->  O.K ! 
           -. Ratio      =   0.311  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2306.00 kN. 
           -. Vuz    =        412.46 kN. 
           -. Muy    =      -1467.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
 
           -. Vuy    =        152.96 kN. 
           -. Muz    =       -617.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      412.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1288.63 kN. 
           -. phiVcz    = phi * Vcz =     1159.77 kN. 
 
           -. Vuy       =      152.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1246.49 kN. 
           -. phiVcy    = phi * Vcy =     1121.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2149.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5859.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2149.37 kN. 
           -. phiVsz   = phi*Vsz =     1934.44 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2127.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5902.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2127.44 kN. 
           -. phiVsy   = phi*Vsy =     1914.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     439.912 kN. 
           -. Vr       =    3036.530 kN. 
           -. Ratio    = Vu / Vr = 0.145  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      488.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      488.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112223,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2322.68     -1260.92     -1070.17      -541.24      -467.58 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2322.68     -1260.92     -1070.17      -541.24      -467.58 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1070.17 kN-m. 
           -. End Moments (My2) =     1260.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1260.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1260.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      467.58 kN-m. 
           -. End Moments (Mz2) =      541.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -541.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -541.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8499.915 kN. 
           -. Mry        =      4586.208 kN-m. 
           -. Mrz        =      1970.463 kN-m. 
           -. Mr         =      4991.595 kN-m. 
           -. Pu/Pr      =   0.273  --->  O.K ! 
           -. Muy/Mry    =   0.275  --->  O.K ! 
           -. Muz/Mrz    =   0.275  --->  O.K ! 
           -. Mu/Mr      =   0.275  --->  O.K ! 
           -. Ratio      =   0.275  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2322.68 kN. 
           -. Vuz    =        381.51 kN. 
           -. Muy    =      -1260.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        147.44 kN. 
           -. Muz    =       -541.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      381.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1332.19 kN. 
           -. phiVcz    = phi * Vcz =     1198.97 kN. 
 
           -. Vuy       =      147.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1290.71 kN. 
           -. phiVcy    = phi * Vcy =     1161.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5816.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.89 kN. 
           -. phiVsz   = phi*Vsz =     1953.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2150.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5857.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2150.42 kN. 
           -. phiVsy   = phi*Vsy =     1935.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     409.008 kN. 
           -. Vr       =    3097.018 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      454.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      454.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112224,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2339.37     -1070.17      -894.16      -467.58      -397.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2339.37     -1070.17      -894.16      -467.58      -397.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      894.16 kN-m. 
           -. End Moments (My2) =     1070.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1070.17 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1070.17 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      397.69 kN-m. 
           -. End Moments (Mz2) =      467.58 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -467.58 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -467.58 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9665.407 kN. 
           -. Mry        =      4457.908 kN-m. 
           -. Mrz        =      1938.475 kN-m. 
           -. Mr         =      4861.135 kN-m. 
           -. Pu/Pr      =   0.242  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.241  --->  O.K ! 
           -. Mu/Mr      =   0.242  --->  O.K ! 
           -. Ratio      =   0.242  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2339.37 kN. 
           -. Vuz    =        352.02 kN. 
           -. Muy    =      -1070.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        139.85 kN. 
           -. Muz    =       -467.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      352.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1375.59 kN. 
           -. phiVcz    = phi * Vcz =     1238.03 kN. 
 
           -. Vuy       =      139.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1334.91 kN. 
           -. phiVcy    = phi * Vcy =     1201.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2191.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5772.90 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2191.26 kN. 
           -. phiVsz   = phi*Vsz =     1972.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2172.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5813.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2172.20 kN. 
           -. phiVsy   = phi*Vsy =     1954.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     378.783 kN. 
           -. Vr       =    3156.399 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      420.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      420.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112225,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2356.05      -894.16      -735.25      -397.69      -332.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2356.05      -894.16      -735.25      -397.69      -332.91 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      735.25 kN-m. 
           -. End Moments (My2) =      894.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -894.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -894.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      332.91 kN-m. 
           -. End Moments (Mz2) =      397.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -397.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -397.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11313.895 kN. 
           -. Mry        =      4301.305 kN-m. 
           -. Mrz        =      1917.692 kN-m. 
           -. Mr         =      4709.434 kN-m. 
           -. Pu/Pr      =   0.208  --->  O.K ! 
           -. Muy/Mry    =   0.208  --->  O.K ! 
           -. Muz/Mrz    =   0.207  --->  O.K ! 
           -. Mu/Mr      =   0.208  --->  O.K ! 
           -. Ratio      =   0.208  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2356.05 kN. 
           -. Vuz    =        317.83 kN. 
           -. Muy    =       -894.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.14 
 
           -. Vuy    =        129.63 kN. 
           -. Muz    =       -397.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.67 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.05 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      317.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1419.66 kN. 
           -. phiVcz    = phi * Vcz =     1277.70 kN. 
 
           -. Vuy       =      129.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1379.95 kN. 
           -. phiVcy    = phi * Vcy =     1241.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2210.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5728.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2210.93 kN. 
           -. phiVsz   = phi*Vsz =     1989.83 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2193.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5768.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2193.25 kN. 
           -. phiVsy   = phi*Vsy =     1973.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.253 kN. 
           -. Vr       =    3215.878 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      381.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      381.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
7.3175e-006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
1.2939e-006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-1.2939e-006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112226,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2372.72      -735.25      -594.81      -332.91      -274.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2372.72      -735.25      -594.81      -332.91      -274.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      594.81 kN-m. 
           -. End Moments (My2) =      735.25 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -735.25 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -735.25 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      274.13 kN-m. 
           -. End Moments (Mz2) =      332.91 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -332.91 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -332.91 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13317.399 kN. 
           -. Mry        =      4101.922 kN-m. 
           -. Mrz        =      1850.646 kN-m. 
           -. Mr         =      4500.073 kN-m. 
           -. Pu/Pr      =   0.178  --->  O.K ! 
           -. Muy/Mry    =   0.179  --->  O.K ! 
           -. Muz/Mrz    =   0.180  --->  O.K ! 
           -. Mu/Mr      =   0.180  --->  O.K ! 
           -. Ratio      =   0.180  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2372.72 kN. 
           -. Vuz    =        280.89 kN. 
           -. Muy    =       -735.25 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
 
           -. Vuy    =        117.61 kN. 
           -. Muz    =       -332.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.15 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      280.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1463.25 kN. 
           -. phiVcz    = phi * Vcz =     1316.92 kN. 
 
           -. Vuy       =      117.61 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1424.63 kN. 
           -. phiVcy    = phi * Vcy =     1282.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2229.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5685.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2229.44 kN. 
           -. phiVsz   = phi*Vsz =     2006.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2213.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5723.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2213.08 kN. 
           -. phiVsy   = phi*Vsy =     1991.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     304.515 kN. 
           -. Vr       =    3273.946 kN. 
           -. Ratio    = Vu / Vr = 0.093  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      338.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      338.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112227,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2389.40      -594.81      -472.27      -274.13      -221.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2389.40      -594.81      -472.27      -274.13      -221.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      472.27 kN-m. 
           -. End Moments (My2) =      594.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -594.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -594.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      221.50 kN-m. 
           -. End Moments (Mz2) =      274.13 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -274.13 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -274.13 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15367.177 kN. 
           -. Mry        =      3848.176 kN-m. 
           -. Mrz        =      1777.162 kN-m. 
           -. Mr         =      4238.722 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.155  --->  O.K ! 
           -. Muz/Mrz    =   0.154  --->  O.K ! 
           -. Mu/Mr      =   0.155  --->  O.K ! 
           -. Ratio      =   0.155  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2389.40 kN. 
           -. Vuz    =        245.08 kN. 
           -. Muy    =       -594.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =        105.30 kN. 
           -. Muz    =       -274.13 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      245.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1504.73 kN. 
           -. phiVcz    = phi * Vcz =     1354.26 kN. 
 
           -. Vuy       =      105.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1467.30 kN. 
           -. phiVcy    = phi * Vcy =     1320.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2246.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5643.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2246.26 kN. 
           -. phiVsz   = phi*Vsz =     2021.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2231.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5681.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2231.12 kN. 
           -. phiVsy   = phi*Vsy =     2008.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     266.744 kN. 
           -. Vr       =    3328.578 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      296.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      296.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112228,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2406.07      -472.27      -361.71      -221.50      -173.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2406.07      -472.27      -361.71      -221.50      -173.16 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      361.71 kN-m. 
           -. End Moments (My2) =      472.27 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -472.27 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -472.27 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      173.16 kN-m. 
           -. End Moments (Mz2) =      221.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -221.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -221.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17773.360 kN. 
           -. Mry        =      3492.140 kN-m. 
           -. Mrz        =      1632.058 kN-m. 
           -. Mr         =      3854.692 kN-m. 
           -. Pu/Pr      =   0.135  --->  O.K ! 
           -. Muy/Mry    =   0.135  --->  O.K ! 
           -. Muz/Mrz    =   0.136  --->  O.K ! 
           -. Mu/Mr      =   0.136  --->  O.K ! 
           -. Ratio      =   0.136  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2406.07 kN. 
           -. Vuz    =        221.13 kN. 
           -. Muy    =       -472.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =         96.71 kN. 
           -. Muz    =       -221.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.33 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2438 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      221.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1541.15 kN. 
           -. phiVcz    = phi * Vcz =     1387.04 kN. 
 
           -. Vuy       =       96.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1504.87 kN. 
           -. phiVcy    = phi * Vcy =     1354.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2260.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5607.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2260.43 kN. 
           -. phiVsz   = phi*Vsz =     2034.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2246.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5643.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2246.32 kN. 
           -. phiVsy   = phi*Vsy =     2021.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     241.351 kN. 
           -. Vr       =    3376.069 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      268.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      268.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112229,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2422.74      -361.71      -262.44      -173.16      -129.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2422.74      -361.71      -262.44      -173.16      -129.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      262.44 kN-m. 
           -. End Moments (My2) =      361.71 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -361.71 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -361.71 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      129.01 kN-m. 
           -. End Moments (Mz2) =      173.16 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -173.16 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -173.16 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     20224.337 kN. 
           -. Mry        =      3028.106 kN-m. 
           -. Mrz        =      1445.962 kN-m. 
           -. Mr         =      3355.627 kN-m. 
           -. Pu/Pr      =   0.120  --->  O.K ! 
           -. Muy/Mry    =   0.119  --->  O.K ! 
           -. Muz/Mrz    =   0.120  --->  O.K ! 
           -. Mu/Mr      =   0.120  --->  O.K ! 
           -. Ratio      =   0.120  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2422.74 kN. 
           -. Vuz    =        198.55 kN. 
           -. Muy    =       -361.71 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.49 
 
           -. Vuy    =         88.33 kN. 
           -. Muz    =       -173.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.41 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2442 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      198.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1575.72 kN. 
           -. phiVcz    = phi * Vcz =     1418.15 kN. 
 
           -. Vuy       =       88.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1540.62 kN. 
           -. phiVcy    = phi * Vcy =     1386.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2273.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5572.77 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2273.38 kN. 
           -. phiVsz   = phi*Vsz =     2046.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2260.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5607.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2260.23 kN. 
           -. phiVsy   = phi*Vsy =     2034.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     217.314 kN. 
           -. Vr       =    3420.762 kN. 
           -. Ratio    = Vu / Vr = 0.064  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      241.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      241.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2707.16      -174.20      -115.32      -120.96       -82.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2707.16      -174.20      -115.32      -120.96       -82.08 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      115.32 kN-m. 
           -. End Moments (My2) =      174.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -115.32 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -115.32 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       82.08 kN-m. 
           -. End Moments (Mz2) =      120.96 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -82.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -82.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =      1039.755 kN-m. 
           -. Mrz        =       739.651 kN-m. 
           -. Mr         =      1276.000 kN-m. 
           -. Pu/Pr      =   0.111  --->  O.K ! 
           -. Muy/Mry    =   0.111  --->  O.K ! 
           -. Muz/Mrz    =   0.111  --->  O.K ! 
           -. Mu/Mr      =   0.111  --->  O.K ! 
           -. Ratio      =   0.111  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2439.41 kN. 
           -. Vuz    =        177.93 kN. 
           -. Muy    =       -262.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.56 
 
           -. Vuy    =         80.44 kN. 
           -. Muz    =       -129.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      177.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1608.09 kN. 
           -. phiVcz    = phi * Vcz =     1447.28 kN. 
 
           -. Vuy       =       80.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1574.19 kN. 
           -. phiVcy    = phi * Vcy =     1416.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2285.10 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5540.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2285.10 kN. 
           -. phiVsz   = phi*Vsz =     2056.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2272.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5574.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2272.82 kN. 
           -. phiVsy   = phi*Vsy =     2045.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     195.271 kN. 
           -. Vr       =    3462.305 kN. 
           -. Ratio    = Vu / Vr = 0.056  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      216.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      216.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112231,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2723.84      -115.32       -68.15       -82.08       -50.37 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2723.84      -115.32       -68.15       -82.08       -50.37 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       68.15 kN-m. 
           -. End Moments (My2) =      115.32 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -68.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -68.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       50.37 kN-m. 
           -. End Moments (Mz2) =       82.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -50.37 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -50.37 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       610.481 kN-m. 
           -. Mrz        =       451.445 kN-m. 
           -. Mr         =       759.270 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.112  --->  O.K ! 
           -. Mu/Mr      =   0.112  --->  O.K ! 
           -. Ratio      =   0.112  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2456.08 kN. 
           -. Vuz    =        142.41 kN. 
           -. Muy    =       -173.47 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =         66.41 kN. 
           -. Muz    =        -88.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.56 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2450 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      142.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1642.65 kN. 
           -. phiVcz    = phi * Vcz =     1478.38 kN. 
 
           -. Vuy       =       66.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1610.11 kN. 
           -. phiVcy    = phi * Vcy =     1449.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5505.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.19 kN. 
           -. phiVsz   = phi*Vsz =     2067.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2285.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5538.38 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2285.81 kN. 
           -. phiVsy   = phi*Vsy =     2057.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     157.131 kN. 
           -. Vr       =    3506.328 kN. 
           -. Ratio    = Vu / Vr = 0.045  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      174.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      174.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112232,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2740.51       -68.15       -35.82       -50.37       -27.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2740.51       -68.15       -35.82       -50.37       -27.93 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       35.82 kN-m. 
           -. End Moments (My2) =       68.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -35.82 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -35.82 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.93 kN-m. 
           -. End Moments (Mz2) =       50.37 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -27.93 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -27.93 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       318.755 kN-m. 
           -. Mrz        =       248.998 kN-m. 
           -. Mr         =       404.481 kN-m. 
           -. Pu/Pr      =   0.112  --->  O.K ! 
           -. Muy/Mry    =   0.112  --->  O.K ! 
           -. Muz/Mrz    =   0.112  --->  O.K ! 
           -. Mu/Mr      =   0.112  --->  O.K ! 
           -. Ratio      =   0.112  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2472.75 kN. 
           -. Vuz    =         97.43 kN. 
           -. Muy    =       -102.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.71 
 
           -. Vuy    =         48.01 kN. 
           -. Muz    =        -55.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       97.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1675.70 kN. 
           -. phiVcz    = phi * Vcz =     1508.13 kN. 
 
           -. Vuy       =       48.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1644.55 kN. 
           -. phiVcy    = phi * Vcy =     1480.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2308.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5472.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2308.37 kN. 
           -. phiVsz   = phi*Vsz =     2077.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2297.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5503.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2297.84 kN. 
           -. phiVsy   = phi*Vsy =     2068.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     108.616 kN. 
           -. Vr       =    3548.152 kN. 
           -. Ratio    = Vu / Vr = 0.031  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      120.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      120.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112233,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2757.18       -35.82       -15.62       -27.93       -13.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2757.18       -35.82       -15.62       -27.93       -13.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       15.62 kN-m. 
           -. End Moments (My2) =       35.82 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       13.23 kN-m. 
           -. End Moments (Mz2) =       27.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -13.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -13.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       138.341 kN-m. 
           -. Mrz        =       117.066 kN-m. 
           -. Mr         =       181.225 kN-m. 
           -. Pu/Pr      =   0.113  --->  O.K ! 
           -. Muy/Mry    =   0.113  --->  O.K ! 
           -. Muz/Mrz    =   0.113  --->  O.K ! 
           -. Mu/Mr      =   0.113  --->  O.K ! 
           -. Ratio      =   0.113  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2506.07 kN. 
           -. Vuz    =         60.70 kN. 
           -. Muy    =        -23.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.76 
 
           -. Vuy    =         32.31 kN. 
           -. Muz    =        -15.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       60.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1698.97 kN. 
           -. phiVcz    = phi * Vcz =     1529.07 kN. 
 
           -. Vuy       =       32.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1668.85 kN. 
           -. phiVcy    = phi * Vcy =     1501.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2316.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5449.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2316.03 kN. 
           -. phiVsz   = phi*Vsz =     2084.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2306.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5479.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2306.08 kN. 
           -. phiVsy   = phi*Vsy =     2075.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      68.763 kN. 
           -. Vr       =    3577.443 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       76.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       76.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112234,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2773.85       -15.62        -4.79       -13.23        -4.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2773.85       -15.62        -4.79       -13.23        -4.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.79 kN-m. 
           -. End Moments (My2) =       15.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2460 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.72 kN-m. 
           -. End Moments (Mz2) =       13.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2461 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        42.143 kN-m. 
           -. Mrz        =        41.548 kN-m. 
           -. Mr         =        59.180 kN-m. 
           -. Pu/Pr      =   0.114  --->  O.K ! 
           -. Muy/Mry    =   0.114  --->  O.K ! 
           -. Muz/Mrz    =   0.114  --->  O.K ! 
           -. Mu/Mr      =   0.114  --->  O.K ! 
           -. Ratio      =   0.114  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2522.73 kN. 
           -. Vuz    =         32.41 kN. 
           -. Muy    =         -7.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.79 
 
           -. Vuy    =         19.43 kN. 
           -. Muz    =         -5.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.73 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       32.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1713.27 kN. 
           -. phiVcz    = phi * Vcz =     1541.94 kN. 
 
           -. Vuy       =       19.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1683.81 kN. 
           -. phiVcy    = phi * Vcy =     1515.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2320.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5435.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2320.65 kN. 
           -. phiVsz   = phi*Vsz =     2088.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2311.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5464.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2311.06 kN. 
           -. phiVsy   = phi*Vsy =     2079.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      37.793 kN. 
           -. Vr       =    3595.385 kN. 
           -. Ratio    = Vu / Vr = 0.011  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       41.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       41.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112235,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2790.51        -4.79        -0.52        -4.72        -0.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2790.51        -4.79        -0.52        -4.72        -0.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.52 kN-m. 
           -. End Moments (My2) =        4.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -0.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -0.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.84 kN-m. 
           -. End Moments (Mz2) =        4.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         4.592 kN-m. 
           -. Mrz        =         7.369 kN-m. 
           -. Mr         =         8.682 kN-m. 
           -. Pu/Pr      =   0.114  --->  O.K ! 
           -. Muy/Mry    =   0.114  --->  O.K ! 
           -. Muz/Mrz    =   0.114  --->  O.K ! 
           -. Mu/Mr      =   0.114  --->  O.K ! 
           -. Ratio      =   0.114  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2539.39 kN. 
           -. Vuz    =         12.64 kN. 
           -. Muy    =         -0.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.81 
 
           -. Vuy    =          9.42 kN. 
           -. Muz    =         -1.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       12.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1722.94 kN. 
           -. phiVcz    = phi * Vcz =     1550.65 kN. 
 
           -. Vuy       =        9.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1693.93 kN. 
           -. phiVcy    = phi * Vcy =     1524.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2323.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5425.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2323.74 kN. 
           -. phiVsz   = phi*Vsz =     2091.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2314.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5454.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2314.39 kN. 
           -. phiVsy   = phi*Vsy =     2082.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.762 kN. 
           -. Vr       =    3607.486 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       17.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       17.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =112236,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2807.17        -0.52         0.00        -0.84         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2807.17        -0.52         0.00        -0.84         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        0.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.115  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.115  --->  O.K ! 
           -. Ratio      =   0.115  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2556.04 kN. 
           -. Vuz    =          1.39 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.29 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.76 
 
           -. Vuy    =          2.24 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.29 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        1.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1699.05 kN. 
           -. phiVcz    = phi * Vcz =     1529.15 kN. 
 
           -. Vuy       =        2.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1699.05 kN. 
           -. phiVcy    = phi * Vcy =     1529.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2316.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5449.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2316.06 kN. 
           -. phiVsz   = phi*Vsz =     2084.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2316.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5449.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2316.06 kN. 
           -. phiVsy   = phi*Vsy =     2084.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =       2.638 kN. 
           -. Vr       =    3613.598 kN. 
           -. Ratio    = Vu / Vr =7.301e-004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        2.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        2.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113102,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2597.46      -229.36      -213.05      -333.72      -477.65 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2597.46      -229.36      -213.05      -333.72      -477.65 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      213.05 kN-m. 
           -. End Moments (My2) =      229.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -213.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -213.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      333.72 kN-m. 
           -. End Moments (Mz2) =      477.65 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -477.65 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -477.65 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18464.174 kN. 
           -. Mry        =      1515.395 kN-m. 
           -. Mrz        =      3402.370 kN-m. 
           -. Mr         =      3724.586 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.141  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2336.48 kN. 
           -. Vuz    =        985.79 kN. 
           -. Muy    =       -265.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        539.75 kN. 
           -. Muz    =       -418.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      985.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1291.58 kN. 
           -. phiVcz    = phi * Vcz =     1162.42 kN. 
 
           -. Vuy       =      539.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1249.47 kN. 
           -. phiVcy    = phi * Vcy =     1124.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5856.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.86 kN. 
           -. phiVsz   = phi*Vsz =     1935.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2129.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5899.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2129.03 kN. 
           -. phiVsy   = phi*Vsy =     1916.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1123.883 kN. 
           -. Vr       =    3040.652 kN. 
           -. Ratio    = Vu / Vr = 0.370  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1248.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1248.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2475 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113103,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2614.18      -213.05      -451.29      -477.65      -695.68 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2614.18      -213.05      -451.29      -477.65      -695.68 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      213.05 kN-m. 
           -. End Moments (My2) =      451.29 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -451.29 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -451.29 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      477.65 kN-m. 
           -. End Moments (Mz2) =      695.68 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -695.68 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -695.68 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13921.514 kN. 
           -. Mry        =      2409.406 kN-m. 
           -. Mrz        =      3712.533 kN-m. 
           -. Mr         =      4425.849 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.187  --->  O.K ! 
           -. Muz/Mrz    =   0.187  --->  O.K ! 
           -. Mu/Mr      =   0.188  --->  O.K ! 
           -. Ratio      =   0.188  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2353.18 kN. 
           -. Vuz    =        870.72 kN. 
           -. Muy    =       -676.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        479.77 kN. 
           -. Muz    =       -494.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      870.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1331.16 kN. 
           -. phiVcz    = phi * Vcz =     1198.04 kN. 
 
           -. Vuy       =      479.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1289.65 kN. 
           -. phiVcy    = phi * Vcy =     1160.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.39 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5817.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.39 kN. 
           -. phiVsz   = phi*Vsz =     1953.35 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2149.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5858.83 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2149.89 kN. 
           -. phiVsy   = phi*Vsy =     1934.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     994.148 kN. 
           -. Vr       =    3095.589 kN. 
           -. Ratio    = Vu / Vr = 0.321  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1104.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1104.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113104,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2369.89      -676.83     -1040.41      -494.43      -612.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2369.89      -676.83     -1040.41      -494.43      -612.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      676.83 kN-m. 
           -. End Moments (My2) =     1040.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1040.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1040.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      494.43 kN-m. 
           -. End Moments (Mz2) =      612.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -612.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -612.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9503.459 kN. 
           -. Mry        =      4200.602 kN-m. 
           -. Mrz        =      2475.295 kN-m. 
           -. Mr         =      4875.668 kN-m. 
           -. Pu/Pr      =   0.249  --->  O.K ! 
           -. Muy/Mry    =   0.248  --->  O.K ! 
           -. Muz/Mrz    =   0.247  --->  O.K ! 
           -. Mu/Mr      =   0.249  --->  O.K ! 
           -. Ratio      =   0.249  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2369.89 kN. 
           -. Vuz    =        755.51 kN. 
           -. Muy    =      -1040.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.20 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
 
           -. Vuy    =        419.59 kN. 
           -. Muz    =       -612.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      755.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1286.97 kN. 
           -. phiVcz    = phi * Vcz =     1158.27 kN. 
 
           -. Vuy       =      419.59 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1244.80 kN. 
           -. phiVcy    = phi * Vcy =     1120.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2148.53 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5861.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2148.53 kN. 
           -. phiVsz   = phi*Vsz =     1933.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2126.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5903.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2126.53 kN. 
           -. phiVsy   = phi*Vsy =     1913.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     864.207 kN. 
           -. Vr       =    3034.196 kN. 
           -. Ratio    = Vu / Vr = 0.285  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      960.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      960.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113105,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            280.18      1074.17      1378.45       560.48       699.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      280.18      1074.17      1378.45       560.48       699.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1074.17 kN-m. 
           -. End Moments (My2) =     1378.45 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1378.45 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1378.45 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      560.48 kN-m. 
           -. End Moments (Mz2) =      699.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      699.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      699.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       912.770 kN. 
           -. Mry        =      4506.904 kN-m. 
           -. Mrz        =      2283.300 kN-m. 
           -. Mr         =      5052.291 kN-m. 
           -. Pu/Pr      =   0.307  --->  O.K ! 
           -. Muy/Mry    =   0.306  --->  O.K ! 
           -. Muz/Mrz    =   0.306  --->  O.K ! 
           -. Mu/Mr      =   0.307  --->  O.K ! 
           -. Ratio      =   0.307  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2386.59 kN. 
           -. Vuz    =        641.21 kN. 
           -. Muy    =      -1349.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
 
           -. Vuy    =        359.79 kN. 
           -. Muz    =       -730.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      641.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1248.87 kN. 
           -. phiVcz    = phi * Vcz =     1123.98 kN. 
 
           -. Vuy       =      359.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1206.24 kN. 
           -. phiVcy    = phi * Vcy =     1085.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2128.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5899.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2128.71 kN. 
           -. phiVsz   = phi*Vsz =     1915.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2105.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5942.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2105.39 kN. 
           -. phiVsy   = phi*Vsy =     1894.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     735.259 kN. 
           -. Vr       =    2980.460 kN. 
           -. Ratio    = Vu / Vr = 0.247  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      816.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      816.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113106,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            292.13      1378.45      1628.87       699.43       820.56 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      292.13      1378.45      1628.87       699.43       820.56 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1378.45 kN-m. 
           -. End Moments (My2) =     1628.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1628.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1628.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      699.43 kN-m. 
           -. End Moments (Mz2) =      820.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      820.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      820.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       814.485 kN. 
           -. Mry        =      4505.198 kN-m. 
           -. Mrz        =      2268.486 kN-m. 
           -. Mr         =      5044.089 kN-m. 
           -. Pu/Pr      =   0.359  --->  O.K ! 
           -. Muy/Mry    =   0.362  --->  O.K ! 
           -. Muz/Mrz    =   0.362  --->  O.K ! 
           -. Mu/Mr      =   0.362  --->  O.K ! 
           -. Ratio      =   0.362  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2403.29 kN. 
           -. Vuz    =        528.99 kN. 
           -. Muy    =      -1604.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        301.01 kN. 
           -. Muz    =       -833.94 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      528.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1221.13 kN. 
           -. phiVcz    = phi * Vcz =     1099.02 kN. 
 
           -. Vuy       =      301.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1178.24 kN. 
           -. phiVcy    = phi * Vcy =     1060.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5927.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.68 kN. 
           -. phiVsz   = phi*Vsz =     1902.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2089.36 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5970.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2089.36 kN. 
           -. phiVsy   = phi*Vsy =     1880.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     608.635 kN. 
           -. Vr       =    2940.838 kN. 
           -. Ratio    = Vu / Vr = 0.207  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      676.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      676.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113107,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            304.08      1628.87      1827.36       820.56       920.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      304.08      1628.87      1827.36       820.56       920.33 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1628.87 kN-m. 
           -. End Moments (My2) =     1827.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1827.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1827.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      820.56 kN-m. 
           -. End Moments (Mz2) =      920.33 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      920.33 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      920.33 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       749.417 kN. 
           -. Mry        =      4499.849 kN-m. 
           -. Mrz        =      2267.028 kN-m. 
           -. Mr         =      5038.656 kN-m. 
           -. Pu/Pr      =   0.406  --->  O.K ! 
           -. Muy/Mry    =   0.406  --->  O.K ! 
           -. Muz/Mrz    =   0.406  --->  O.K ! 
           -. Mu/Mr      =   0.406  --->  O.K ! 
           -. Ratio      =   0.406  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2419.98 kN. 
           -. Vuz    =        419.92 kN. 
           -. Muy    =      -1807.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
 
           -. Vuy    =        243.90 kN. 
           -. Muz    =       -917.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      419.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1202.49 kN. 
           -. phiVcz    = phi * Vcz =     1082.24 kN. 
 
           -. Vuy       =      243.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1159.45 kN. 
           -. phiVcy    = phi * Vcy =     1043.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2103.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5946.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2103.27 kN. 
           -. phiVsz   = phi*Vsz =     1892.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2078.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5989.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2078.28 kN. 
           -. phiVsy   = phi*Vsy =     1870.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     485.613 kN. 
           -. Vr       =    2913.952 kN. 
           -. Ratio    = Vu / Vr = 0.167  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      539.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      539.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113108,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            316.03      1827.36      1980.91       920.33       999.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      316.03      1827.36      1980.91       920.33       999.99 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1827.36 kN-m. 
           -. End Moments (My2) =     1980.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1980.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1980.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      920.33 kN-m. 
           -. End Moments (Mz2) =      999.99 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      999.99 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      999.99 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       719.431 kN. 
           -. Mry        =      4495.128 kN-m. 
           -. Mrz        =      2270.854 kN-m. 
           -. Mr         =      5036.165 kN-m. 
           -. Pu/Pr      =   0.439  --->  O.K ! 
           -. Muy/Mry    =   0.441  --->  O.K ! 
           -. Muz/Mrz    =   0.440  --->  O.K ! 
           -. Mu/Mr      =   0.441  --->  O.K ! 
           -. Ratio      =   0.441  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2436.68 kN. 
           -. Vuz    =        315.14 kN. 
           -. Muy    =      -1965.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =        189.16 kN. 
           -. Muz    =       -983.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      315.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.00 kN. 
           -. phiVcz    = phi * Vcz =     1071.90 kN. 
 
           -. Vuy       =      189.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1147.88 kN. 
           -. phiVcy    = phi * Vcy =     1033.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5957.48 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.74 kN. 
           -. phiVsz   = phi*Vsz =     1887.07 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6000.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.32 kN. 
           -. phiVsy   = phi*Vsy =     1864.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     367.554 kN. 
           -. Vr       =    2897.280 kN. 
           -. Ratio    = Vu / Vr = 0.127  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      408.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      408.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113109,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            327.99      1980.91      2087.70       999.99      1056.47 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      327.99      1980.91      2087.70       999.99      1056.47 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1980.91 kN-m. 
           -. End Moments (My2) =     2087.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2087.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2087.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      999.99 kN-m. 
           -. End Moments (Mz2) =     1056.47 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1056.47 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1056.47 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       704.078 kN. 
           -. Mry        =      4491.548 kN-m. 
           -. Mrz        =      2275.128 kN-m. 
           -. Mr         =      5034.899 kN-m. 
           -. Pu/Pr      =   0.466  --->  O.K ! 
           -. Muy/Mry    =   0.465  --->  O.K ! 
           -. Muz/Mrz    =   0.464  --->  O.K ! 
           -. Mu/Mr      =   0.466  --->  O.K ! 
           -. Ratio      =   0.466  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2453.37 kN. 
           -. Vuz    =        215.73 kN. 
           -. Muy    =      -2075.57 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =        137.67 kN. 
           -. Muz    =      -1028.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      215.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1186.55 kN. 
           -. phiVcz    = phi * Vcz =     1067.90 kN. 
 
           -. Vuy       =      137.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1143.40 kN. 
           -. phiVcy    = phi * Vcy =     1029.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2094.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5961.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2094.18 kN. 
           -. phiVsz   = phi*Vsz =     1884.76 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2068.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6005.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2068.59 kN. 
           -. phiVsy   = phi*Vsy =     1861.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     255.918 kN. 
           -. Vr       =    2890.799 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      284.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      284.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113110,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            339.94      2087.70      2147.99      1056.47      1093.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      339.94      2087.70      2147.99      1056.47      1093.61 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2087.70 kN-m. 
           -. End Moments (My2) =     2147.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2147.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2147.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1056.47 kN-m. 
           -. End Moments (Mz2) =     1093.61 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1093.61 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1093.61 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       717.257 kN. 
           -. Mry        =      4487.003 kN-m. 
           -. Mrz        =      2286.622 kN-m. 
           -. Mr         =      5036.053 kN-m. 
           -. Pu/Pr      =   0.474  --->  O.K ! 
           -. Muy/Mry    =   0.479  --->  O.K ! 
           -. Muz/Mrz    =   0.478  --->  O.K ! 
           -. Mu/Mr      =   0.479  --->  O.K ! 
           -. Ratio      =   0.479  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2470.07 kN. 
           -. Vuz    =        122.82 kN. 
           -. Muy    =      -2139.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =         91.03 kN. 
           -. Muz    =      -1056.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      122.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1188.42 kN. 
           -. phiVcz    = phi * Vcz =     1069.58 kN. 
 
           -. Vuy       =       91.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1145.29 kN. 
           -. phiVcy    = phi * Vcy =     1030.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2095.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5960.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2095.26 kN. 
           -. phiVsz   = phi*Vsz =     1885.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2069.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6003.20 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2069.74 kN. 
           -. phiVsy   = phi*Vsy =     1862.77 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     152.881 kN. 
           -. Vr       =    2893.526 kN. 
           -. Ratio    = Vu / Vr = 0.053  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      169.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      169.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113111,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            351.90      2147.99      2158.41      1093.61      1104.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      351.90      2147.99      2158.41      1093.61      1104.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2147.99 kN-m. 
           -. End Moments (My2) =     2158.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2158.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2158.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1093.61 kN-m. 
           -. End Moments (Mz2) =     1104.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1104.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1104.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       730.533 kN. 
           -. Mry        =      4483.013 kN-m. 
           -. Mrz        =      2296.969 kN-m. 
           -. Mr         =      5037.209 kN-m. 
           -. Pu/Pr      =   0.482  --->  O.K ! 
           -. Muy/Mry    =   0.481  --->  O.K ! 
           -. Muz/Mrz    =   0.481  --->  O.K ! 
           -. Mu/Mr      =   0.482  --->  O.K ! 
           -. Ratio      =   0.482  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2486.76 kN. 
           -. Vuz    =         25.50 kN. 
           -. Muy    =      -2152.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
 
           -. Vuy    =         52.80 kN. 
           -. Muz    =      -1060.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       25.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1197.54 kN. 
           -. phiVcz    = phi * Vcz =     1077.79 kN. 
 
           -. Vuy       =       52.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1154.46 kN. 
           -. phiVcy    = phi * Vcy =     1039.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2100.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5950.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2100.47 kN. 
           -. phiVsz   = phi*Vsz =     1890.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2075.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5994.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2075.29 kN. 
           -. phiVsy   = phi*Vsy =     1867.76 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      58.633 kN. 
           -. Vr       =    2906.783 kN. 
           -. Ratio    = Vu / Vr = 0.020  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       65.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       65.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113112,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            351.86      2158.41      2110.62      1104.94      1085.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      351.86      2158.41      2110.62      1104.94      1085.28 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2110.62 kN-m. 
           -. End Moments (My2) =     2158.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2158.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2158.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1085.28 kN-m. 
           -. End Moments (Mz2) =     1104.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1104.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1104.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       730.533 kN. 
           -. Mry        =      4483.013 kN-m. 
           -. Mrz        =      2296.969 kN-m. 
           -. Mr         =      5037.209 kN-m. 
           -. Pu/Pr      =   0.482  --->  O.K ! 
           -. Muy/Mry    =   0.481  --->  O.K ! 
           -. Muz/Mrz    =   0.481  --->  O.K ! 
           -. Mu/Mr      =   0.482  --->  O.K ! 
           -. Ratio      =   0.482  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2486.79 kN. 
           -. Vuz    =         98.11 kN. 
           -. Muy    =      -2152.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =         66.89 kN. 
           -. Muz    =      -1060.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       98.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1189.69 kN. 
           -. phiVcz    = phi * Vcz =     1070.72 kN. 
 
           -. Vuy       =       66.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1146.56 kN. 
           -. phiVcy    = phi * Vcy =     1031.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2095.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5958.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2095.99 kN. 
           -. phiVsz   = phi*Vsz =     1886.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2070.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6001.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2070.52 kN. 
           -. phiVsy   = phi*Vsy =     1863.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     118.742 kN. 
           -. Vr       =    2895.372 kN. 
           -. Ratio    = Vu / Vr = 0.041  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      131.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      131.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113113,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            363.82      2110.62      2063.51      1085.28      1066.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      363.82      2110.62      2063.51      1085.28      1066.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2063.51 kN-m. 
           -. End Moments (My2) =     2110.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2110.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2110.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1066.17 kN-m. 
           -. End Moments (Mz2) =     1085.28 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1085.28 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1085.28 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       771.344 kN. 
           -. Mry        =      4482.335 kN-m. 
           -. Mrz        =      2305.819 kN-m. 
           -. Mr         =      5040.647 kN-m. 
           -. Pu/Pr      =   0.472  --->  O.K ! 
           -. Muy/Mry    =   0.471  --->  O.K ! 
           -. Muz/Mrz    =   0.471  --->  O.K ! 
           -. Mu/Mr      =   0.472  --->  O.K ! 
           -. Ratio      =   0.472  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2503.48 kN. 
           -. Vuz    =         96.93 kN. 
           -. Muy    =      -2107.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
 
           -. Vuy    =         66.49 kN. 
           -. Muz    =      -1036.26 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1196.51 kN. 
           -. phiVcz    = phi * Vcz =     1076.86 kN. 
 
           -. Vuy       =       66.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1153.42 kN. 
           -. phiVcy    = phi * Vcy =     1038.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2099.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5951.98 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2099.88 kN. 
           -. phiVsz   = phi*Vsz =     1889.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2074.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5995.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2074.67 kN. 
           -. phiVsy   = phi*Vsy =     1867.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     117.544 kN. 
           -. Vr       =    2905.280 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      130.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      130.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113114,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            375.79      2063.51      2016.87      1066.17      1047.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      375.79      2063.51      2016.87      1066.17      1047.54 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2016.87 kN-m. 
           -. End Moments (My2) =     2063.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2063.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2063.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1047.54 kN-m. 
           -. End Moments (Mz2) =     1066.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1066.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1066.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       820.421 kN. 
           -. Mry        =      4482.000 kN-m. 
           -. Mrz        =      2315.446 kN-m. 
           -. Mr         =      5044.761 kN-m. 
           -. Pu/Pr      =   0.458  --->  O.K ! 
           -. Muy/Mry    =   0.460  --->  O.K ! 
           -. Muz/Mrz    =   0.460  --->  O.K ! 
           -. Mu/Mr      =   0.460  --->  O.K ! 
           -. Ratio      =   0.460  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2520.16 kN. 
           -. Vuz    =         96.01 kN. 
           -. Muy    =      -2062.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
 
           -. Vuy    =         66.19 kN. 
           -. Muz    =      -1012.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1203.24 kN. 
           -. phiVcz    = phi * Vcz =     1082.91 kN. 
 
           -. Vuy       =       66.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1160.20 kN. 
           -. phiVcy    = phi * Vcy =     1044.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2103.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5945.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2103.70 kN. 
           -. phiVsz   = phi*Vsz =     1893.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2078.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5988.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2078.73 kN. 
           -. phiVsy   = phi*Vsy =     1870.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     116.613 kN. 
           -. Vr       =    2915.036 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      129.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      129.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113115,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            387.75      2016.87      1924.28      1047.54      1003.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      387.75      2016.87      1924.28      1047.54      1003.85 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1924.28 kN-m. 
           -. End Moments (My2) =     2016.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2016.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2016.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1003.85 kN-m. 
           -. End Moments (Mz2) =     1047.54 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1047.54 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1047.54 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       856.571 kN. 
           -. Mry        =      4480.117 kN-m. 
           -. Mrz        =      2325.671 kN-m. 
           -. Mr         =      5047.791 kN-m. 
           -. Pu/Pr      =   0.453  --->  O.K ! 
           -. Muy/Mry    =   0.450  --->  O.K ! 
           -. Muz/Mrz    =   0.450  --->  O.K ! 
           -. Mu/Mr      =   0.453  --->  O.K ! 
           -. Ratio      =   0.453  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2536.85 kN. 
           -. Vuz    =        184.82 kN. 
           -. Muy    =      -2018.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.65 
 
           -. Vuy    =         98.75 kN. 
           -. Muz    =       -989.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      184.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1197.48 kN. 
           -. phiVcz    = phi * Vcz =     1077.73 kN. 
 
           -. Vuy       =       98.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1154.40 kN. 
           -. phiVcy    = phi * Vcy =     1038.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2100.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5951.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2100.44 kN. 
           -. phiVsz   = phi*Vsz =     1890.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2075.25 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5994.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2075.25 kN. 
           -. phiVsy   = phi*Vsy =     1867.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     209.549 kN. 
           -. Vr       =    2906.689 kN. 
           -. Ratio    = Vu / Vr = 0.072  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      232.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      232.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113116,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            399.71      1924.28      1795.75      1003.85       940.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      399.71      1924.28      1795.75      1003.85       940.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1795.75 kN-m. 
           -. End Moments (My2) =     1924.28 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1924.28 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1924.28 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      940.23 kN-m. 
           -. End Moments (Mz2) =     1003.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1003.85 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1003.85 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       930.101 kN. 
           -. Mry        =      4482.229 kN-m. 
           -. Mrz        =      2334.810 kN-m. 
           -. Mr         =      5053.881 kN-m. 
           -. Pu/Pr      =   0.430  --->  O.K ! 
           -. Muy/Mry    =   0.429  --->  O.K ! 
           -. Muz/Mrz    =   0.430  --->  O.K ! 
           -. Mu/Mr      =   0.430  --->  O.K ! 
           -. Ratio      =   0.430  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2553.53 kN. 
           -. Vuz    =        254.96 kN. 
           -. Muy    =      -1927.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
 
           -. Vuy    =        128.46 kN. 
           -. Muz    =       -944.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      254.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1201.85 kN. 
           -. phiVcz    = phi * Vcz =     1081.67 kN. 
 
           -. Vuy       =      128.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1158.81 kN. 
           -. phiVcy    = phi * Vcy =     1042.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2102.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5946.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2102.92 kN. 
           -. phiVsz   = phi*Vsz =     1892.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2077.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5989.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2077.90 kN. 
           -. phiVsy   = phi*Vsy =     1870.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     285.497 kN. 
           -. Vr       =    2913.033 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      317.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      317.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113117,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            411.68      1795.75      1641.06       940.23       861.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      411.68      1795.75      1641.06       940.23       861.74 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1641.06 kN-m. 
           -. End Moments (My2) =     1795.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1795.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1795.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      861.74 kN-m. 
           -. End Moments (Mz2) =      940.23 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      940.23 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      940.23 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1027.824 kN. 
           -. Mry        =      4487.078 kN-m. 
           -. Mrz        =      2342.866 kN-m. 
           -. Mr         =      5061.906 kN-m. 
           -. Pu/Pr      =   0.401  --->  O.K ! 
           -. Muy/Mry    =   0.400  --->  O.K ! 
           -. Muz/Mrz    =   0.401  --->  O.K ! 
           -. Mu/Mr      =   0.401  --->  O.K ! 
           -. Ratio      =   0.401  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2570.21 kN. 
           -. Vuz    =        308.38 kN. 
           -. Muy    =      -1800.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.69 
 
           -. Vuy    =        152.26 kN. 
           -. Muz    =       -881.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.59 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      308.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1214.92 kN. 
           -. phiVcz    = phi * Vcz =     1093.43 kN. 
 
           -. Vuy       =      152.26 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1171.97 kN. 
           -. phiVcy    = phi * Vcy =     1054.78 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2110.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5933.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2110.24 kN. 
           -. phiVsz   = phi*Vsz =     1899.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2085.70 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5976.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2085.70 kN. 
           -. phiVsy   = phi*Vsy =     1877.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.922 kN. 
           -. Vr       =    2931.903 kN. 
           -. Ratio    = Vu / Vr = 0.117  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      382.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      382.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113118,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            423.65      1641.06      1479.72       861.74       779.37 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      423.65      1641.06      1479.72       861.74       779.37 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1479.72 kN-m. 
           -. End Moments (My2) =     1641.06 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1641.06 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1641.06 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      779.37 kN-m. 
           -. End Moments (Mz2) =      861.74 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      861.74 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      861.74 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1154.316 kN. 
           -. Mry        =      4493.079 kN-m. 
           -. Mrz        =      2351.604 kN-m. 
           -. Mr         =      5071.273 kN-m. 
           -. Pu/Pr      =   0.367  --->  O.K ! 
           -. Muy/Mry    =   0.365  --->  O.K ! 
           -. Muz/Mrz    =   0.366  --->  O.K ! 
           -. Mu/Mr      =   0.367  --->  O.K ! 
           -. Ratio      =   0.367  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2586.89 kN. 
           -. Vuz    =        322.00 kN. 
           -. Muy    =      -1646.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
 
           -. Vuy    =        158.60 kN. 
           -. Muz    =       -805.68 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      322.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1239.12 kN. 
           -. phiVcz    = phi * Vcz =     1115.21 kN. 
 
           -. Vuy       =      158.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1196.39 kN. 
           -. phiVcy    = phi * Vcy =     1076.75 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2123.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5909.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2123.48 kN. 
           -. phiVsz   = phi*Vsz =     1911.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2099.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5952.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2099.82 kN. 
           -. phiVsy   = phi*Vsy =     1889.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     358.941 kN. 
           -. Vr       =    2966.583 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      398.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      398.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113119,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            435.62      1479.72      1316.14       779.37       695.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      435.62      1479.72      1316.14       779.37       695.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1316.14 kN-m. 
           -. End Moments (My2) =     1479.72 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1479.72 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1479.72 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      695.60 kN-m. 
           -. End Moments (Mz2) =      779.37 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      779.37 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      779.37 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1335.586 kN. 
           -. Mry        =      4500.308 kN-m. 
           -. Mrz        =      2364.036 kN-m. 
           -. Mr         =      5083.447 kN-m. 
           -. Pu/Pr      =   0.326  --->  O.K ! 
           -. Muy/Mry    =   0.329  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.330  --->  O.K ! 
           -. Ratio      =   0.330  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2603.57 kN. 
           -. Vuz    =        326.67 kN. 
           -. Muy    =      -1485.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
 
           -. Vuy    =        160.72 kN. 
           -. Muz    =       -726.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      326.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1267.04 kN. 
           -. phiVcz    = phi * Vcz =     1140.33 kN. 
 
           -. Vuy       =      160.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1224.61 kN. 
           -. phiVcy    = phi * Vcy =     1102.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2138.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5881.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2138.28 kN. 
           -. phiVsz   = phi*Vsz =     1924.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2115.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5923.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2115.59 kN. 
           -. phiVsy   = phi*Vsy =     1904.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     364.067 kN. 
           -. Vr       =    3006.186 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      404.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      404.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113120,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2620.25     -1322.02     -1157.58      -646.56      -566.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2620.25     -1322.02     -1157.58      -646.56      -566.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1157.58 kN-m. 
           -. End Moments (My2) =     1322.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1322.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1322.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      566.00 kN-m. 
           -. End Moments (Mz2) =      646.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -646.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -646.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8730.892 kN. 
           -. Mry        =      4437.559 kN-m. 
           -. Mrz        =      2164.756 kN-m. 
           -. Mr         =      4937.418 kN-m. 
           -. Pu/Pr      =   0.300  --->  O.K ! 
           -. Muy/Mry    =   0.298  --->  O.K ! 
           -. Muz/Mrz    =   0.299  --->  O.K ! 
           -. Mu/Mr      =   0.300  --->  O.K ! 
           -. Ratio      =   0.300  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2620.25 kN. 
           -. Vuz    =        328.99 kN. 
           -. Muy    =      -1322.02 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =        161.48 kN. 
           -. Muz    =       -646.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.78 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      328.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1297.12 kN. 
           -. phiVcz    = phi * Vcz =     1167.41 kN. 
 
           -. Vuy       =      161.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1255.09 kN. 
           -. phiVcy    = phi * Vcy =     1129.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2153.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5851.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2153.66 kN. 
           -. phiVsz   = phi*Vsz =     1938.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2132.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5893.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2132.01 kN. 
           -. phiVsy   = phi*Vsy =     1918.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     366.483 kN. 
           -. Vr       =    3048.393 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      407.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      407.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113121,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2636.92     -1157.58      -996.67      -566.00      -487.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2636.92     -1157.58      -996.67      -566.00      -487.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      996.67 kN-m. 
           -. End Moments (My2) =     1157.58 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1157.58 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1157.58 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      487.25 kN-m. 
           -. End Moments (Mz2) =      566.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -566.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -566.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9832.898 kN. 
           -. Mry        =      4357.903 kN-m. 
           -. Mrz        =      2125.183 kN-m. 
           -. Mr         =      4848.476 kN-m. 
           -. Pu/Pr      =   0.268  --->  O.K ! 
           -. Muy/Mry    =   0.266  --->  O.K ! 
           -. Muz/Mrz    =   0.266  --->  O.K ! 
           -. Mu/Mr      =   0.268  --->  O.K ! 
           -. Ratio      =   0.268  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2636.92 kN. 
           -. Vuz    =        321.85 kN. 
           -. Muy    =      -1157.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.95 
 
           -. Vuy    =        157.73 kN. 
           -. Muz    =       -566.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.85 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      321.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1330.61 kN. 
           -. phiVcz    = phi * Vcz =     1197.55 kN. 
 
           -. Vuy       =      157.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1289.10 kN. 
           -. phiVcy    = phi * Vcy =     1160.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2170.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5817.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2170.13 kN. 
           -. phiVsz   = phi*Vsz =     1953.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2149.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5859.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2149.61 kN. 
           -. phiVsy   = phi*Vsy =     1934.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     358.426 kN. 
           -. Vr       =    3094.836 kN. 
           -. Ratio    = Vu / Vr = 0.116  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      398.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      398.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113122,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2653.60      -996.67      -842.96      -487.25      -412.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2653.60      -996.67      -842.96      -487.25      -412.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      842.96 kN-m. 
           -. End Moments (My2) =      996.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2552 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -996.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -996.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      412.07 kN-m. 
           -. End Moments (Mz2) =      487.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -487.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -487.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11317.390 kN. 
           -. Mry        =      4228.918 kN-m. 
           -. Mrz        =      2076.060 kN-m. 
           -. Mr         =      4711.026 kN-m. 
           -. Pu/Pr      =   0.234  --->  O.K ! 
           -. Muy/Mry    =   0.236  --->  O.K ! 
           -. Muz/Mrz    =   0.235  --->  O.K ! 
           -. Mu/Mr      =   0.236  --->  O.K ! 
           -. Ratio      =   0.236  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2653.60 kN. 
           -. Vuz    =        307.43 kN. 
           -. Muy    =       -996.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.02 
 
           -. Vuy    =        150.51 kN. 
           -. Muz    =       -487.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.93 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      307.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1366.46 kN. 
           -. phiVcz    = phi * Vcz =     1229.82 kN. 
 
           -. Vuy       =      150.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1325.60 kN. 
           -. phiVcy    = phi * Vcy =     1193.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2187.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5782.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2187.06 kN. 
           -. phiVsz   = phi*Vsz =     1968.35 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2167.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5822.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2167.71 kN. 
           -. phiVsy   = phi*Vsy =     1950.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     342.295 kN. 
           -. Vr       =    3143.981 kN. 
           -. Ratio    = Vu / Vr = 0.109  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      380.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      380.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
9.1025e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
8.4449e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-8.4449e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113123,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2670.27      -842.96      -697.55      -412.07      -340.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2670.27      -842.96      -697.55      -412.07      -340.98 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      697.55 kN-m. 
           -. End Moments (My2) =      842.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -842.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -842.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      340.98 kN-m. 
           -. End Moments (Mz2) =      412.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -412.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -412.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12940.633 kN. 
           -. Mry        =      4081.252 kN-m. 
           -. Mrz        =      1991.097 kN-m. 
           -. Mr         =      4541.044 kN-m. 
           -. Pu/Pr      =   0.206  --->  O.K ! 
           -. Muy/Mry    =   0.207  --->  O.K ! 
           -. Muz/Mrz    =   0.207  --->  O.K ! 
           -. Mu/Mr      =   0.207  --->  O.K ! 
           -. Ratio      =   0.207  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2670.27 kN. 
           -. Vuz    =        290.83 kN. 
           -. Muy    =       -842.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.55 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.11 
 
           -. Vuy    =        142.29 kN. 
           -. Muz    =       -412.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.02 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      290.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1403.06 kN. 
           -. phiVcz    = phi * Vcz =     1262.75 kN. 
 
           -. Vuy       =      142.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1362.96 kN. 
           -. phiVcy    = phi * Vcy =     1226.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2203.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5745.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2203.63 kN. 
           -. phiVsz   = phi*Vsz =     1983.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2185.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5785.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2185.44 kN. 
           -. phiVsy   = phi*Vsy =     1966.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     323.769 kN. 
           -. Vr       =    3193.560 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      359.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      359.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113124,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2686.94      -697.55      -560.02      -340.98      -273.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2686.94      -697.55      -560.02      -340.98      -273.76 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      560.02 kN-m. 
           -. End Moments (My2) =      697.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -697.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -697.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      273.76 kN-m. 
           -. End Moments (Mz2) =      340.98 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -340.98 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -340.98 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14955.920 kN. 
           -. Mry        =      3861.315 kN-m. 
           -. Mrz        =      1881.760 kN-m. 
           -. Mr         =      4295.436 kN-m. 
           -. Pu/Pr      =   0.180  --->  O.K ! 
           -. Muy/Mry    =   0.181  --->  O.K ! 
           -. Muz/Mrz    =   0.181  --->  O.K ! 
           -. Mu/Mr      =   0.181  --->  O.K ! 
           -. Ratio      =   0.181  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2686.94 kN. 
           -. Vuz    =        275.07 kN. 
           -. Muy    =       -697.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.36 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.19 
 
           -. Vuy    =        134.53 kN. 
           -. Muz    =       -340.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.56 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.10 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      275.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1439.44 kN. 
           -. phiVcz    = phi * Vcz =     1295.50 kN. 
 
           -. Vuy       =      134.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1400.21 kN. 
           -. phiVcy    = phi * Vcy =     1260.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2219.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5709.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2219.44 kN. 
           -. phiVsz   = phi*Vsz =     1997.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2202.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5748.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2202.37 kN. 
           -. phiVsy   = phi*Vsy =     1982.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     306.203 kN. 
           -. Vr       =    3242.322 kN. 
           -. Ratio    = Vu / Vr = 0.094  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      340.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      340.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113125,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2703.61      -560.02      -430.95      -273.76      -210.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2703.61      -560.02      -430.95      -273.76      -210.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      430.95 kN-m. 
           -. End Moments (My2) =      560.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -560.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -560.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      210.69 kN-m. 
           -. End Moments (Mz2) =      273.76 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -273.76 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -273.76 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17159.965 kN. 
           -. Mry        =      3561.750 kN-m. 
           -. Mrz        =      1735.790 kN-m. 
           -. Mr         =      3962.200 kN-m. 
           -. Pu/Pr      =   0.158  --->  O.K ! 
           -. Muy/Mry    =   0.157  --->  O.K ! 
           -. Muz/Mrz    =   0.158  --->  O.K ! 
           -. Mu/Mr      =   0.158  --->  O.K ! 
           -. Ratio      =   0.158  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2703.61 kN. 
           -. Vuz    =        258.15 kN. 
           -. Muy    =       -560.02 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.27 
 
           -. Vuy    =        126.22 kN. 
           -. Muz    =       -273.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.18 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      258.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1475.99 kN. 
           -. phiVcz    = phi * Vcz =     1328.39 kN. 
 
           -. Vuy       =      126.22 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1437.73 kN. 
           -. phiVcy    = phi * Vcy =     1293.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2234.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5672.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2234.69 kN. 
           -. phiVsz   = phi*Vsz =     2011.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2218.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5710.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2218.71 kN. 
           -. phiVsy   = phi*Vsy =     1996.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     287.356 kN. 
           -. Vr       =    3290.798 kN. 
           -. Ratio    = Vu / Vr = 0.087  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      319.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      319.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113126,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2720.27      -430.95      -310.48      -210.69      -151.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2720.27      -430.95      -310.48      -210.69      -151.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      310.48 kN-m. 
           -. End Moments (My2) =      430.95 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -430.95 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -430.95 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      151.84 kN-m. 
           -. End Moments (Mz2) =      210.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -210.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -210.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     19611.554 kN. 
           -. Mry        =      3134.567 kN-m. 
           -. Mrz        =      1541.285 kN-m. 
           -. Mr         =      3493.003 kN-m. 
           -. Pu/Pr      =   0.139  --->  O.K ! 
           -. Muy/Mry    =   0.137  --->  O.K ! 
           -. Muz/Mrz    =   0.137  --->  O.K ! 
           -. Mu/Mr      =   0.139  --->  O.K ! 
           -. Ratio      =   0.139  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2720.27 kN. 
           -. Vuz    =        240.94 kN. 
           -. Muy    =       -430.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.35 
 
           -. Vuy    =        117.79 kN. 
           -. Muz    =       -210.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      240.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1512.23 kN. 
           -. phiVcz    = phi * Vcz =     1361.00 kN. 
 
           -. Vuy       =      117.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1475.02 kN. 
           -. phiVcy    = phi * Vcy =     1327.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2249.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5636.26 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2249.22 kN. 
           -. phiVsz   = phi*Vsz =     2024.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2234.30 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5673.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2234.30 kN. 
           -. phiVsy   = phi*Vsy =     2010.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     268.192 kN. 
           -. Vr       =    3338.388 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      297.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      297.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113127,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2998.29      -199.05      -132.57      -205.08      -135.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2998.29      -199.05      -132.57      -205.08      -135.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      132.57 kN-m. 
           -. End Moments (My2) =      199.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2572 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -199.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -199.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      135.50 kN-m. 
           -. End Moments (Mz2) =      205.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -205.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -205.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     23998.429 kN. 
           -. Mry        =      1611.120 kN-m. 
           -. Mrz        =      1654.677 kN-m. 
           -. Mr         =      2309.472 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.124  --->  O.K ! 
           -. Muz/Mrz    =   0.124  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2736.94 kN. 
           -. Vuz    =        207.74 kN. 
           -. Muy    =       -310.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =        101.55 kN. 
           -. Muz    =       -151.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.36 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      207.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1551.76 kN. 
           -. phiVcz    = phi * Vcz =     1396.58 kN. 
 
           -. Vuy       =      101.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1515.83 kN. 
           -. phiVcy    = phi * Vcy =     1364.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2264.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5596.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2264.45 kN. 
           -. phiVsz   = phi*Vsz =     2038.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2250.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5632.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2250.64 kN. 
           -. phiVsy   = phi*Vsy =     2025.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     231.235 kN. 
           -. Vr       =    3389.824 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      256.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      256.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113128,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3031.62      -132.57       -81.04      -135.50       -82.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3031.62      -132.57       -81.04      -135.50       -82.10 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       81.04 kN-m. 
           -. End Moments (My2) =      132.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -81.04 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -81.04 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       82.10 kN-m. 
           -. End Moments (Mz2) =      135.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -82.10 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -82.10 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       652.393 kN-m. 
           -. Mrz        =       660.909 kN-m. 
           -. Mr         =       928.664 kN-m. 
           -. Pu/Pr      =   0.124  --->  O.K ! 
           -. Muy/Mry    =   0.124  --->  O.K ! 
           -. Muz/Mrz    =   0.124  --->  O.K ! 
           -. Mu/Mr      =   0.124  --->  O.K ! 
           -. Ratio      =   0.124  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2753.60 kN. 
           -. Vuz    =        160.86 kN. 
           -. Muy    =       -206.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.52 
 
           -. Vuy    =         78.64 kN. 
           -. Muz    =       -101.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.45 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      160.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1591.98 kN. 
           -. phiVcz    = phi * Vcz =     1432.79 kN. 
 
           -. Vuy       =       78.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1557.48 kN. 
           -. phiVcy    = phi * Vcy =     1401.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2279.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5556.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2279.32 kN. 
           -. phiVsz   = phi*Vsz =     2051.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2266.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5591.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2266.60 kN. 
           -. phiVsy   = phi*Vsy =     2039.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     179.057 kN. 
           -. Vr       =    3441.670 kN. 
           -. Ratio    = Vu / Vr = 0.052  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      198.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      198.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3048.28       -81.04       -43.34       -82.10       -43.47 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3048.28       -81.04       -43.34       -82.10       -43.47 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       43.34 kN-m. 
           -. End Moments (My2) =       81.04 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -43.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -43.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       43.47 kN-m. 
           -. End Moments (Mz2) =       82.10 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -43.47 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -43.47 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       347.054 kN-m. 
           -. Mrz        =       347.969 kN-m. 
           -. Mr         =       491.456 kN-m. 
           -. Pu/Pr      =   0.125  --->  O.K ! 
           -. Muy/Mry    =   0.125  --->  O.K ! 
           -. Muz/Mrz    =   0.125  --->  O.K ! 
           -. Mu/Mr      =   0.125  --->  O.K ! 
           -. Ratio      =   0.125  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2770.26 kN. 
           -. Vuz    =        117.55 kN. 
           -. Muy    =       -126.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.60 
 
           -. Vuy    =         57.51 kN. 
           -. Muz    =        -61.81 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      117.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1626.02 kN. 
           -. phiVcz    = phi * Vcz =     1463.42 kN. 
 
           -. Vuy       =       57.51 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1592.82 kN. 
           -. phiVcy    = phi * Vcy =     1433.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2291.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5522.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2291.42 kN. 
           -. phiVsz   = phi*Vsz =     2062.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2279.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5555.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2279.62 kN. 
           -. phiVsy   = phi*Vsy =     2051.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     130.869 kN. 
           -. Vr       =    3485.189 kN. 
           -. Ratio    = Vu / Vr = 0.038  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      145.41 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      145.41 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3064.95       -43.34       -18.18       -43.47       -18.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3064.95       -43.34       -18.18       -43.47       -18.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       18.18 kN-m. 
           -. End Moments (My2) =       43.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -18.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -18.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       18.02 kN-m. 
           -. End Moments (Mz2) =       43.47 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -18.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -18.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       144.827 kN-m. 
           -. Mrz        =       143.439 kN-m. 
           -. Mr         =       203.837 kN-m. 
           -. Pu/Pr      =   0.126  --->  O.K ! 
           -. Muy/Mry    =   0.126  --->  O.K ! 
           -. Muz/Mrz    =   0.126  --->  O.K ! 
           -. Mu/Mr      =   0.126  --->  O.K ! 
           -. Ratio      =   0.126  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2803.58 kN. 
           -. Vuz    =         78.34 kN. 
           -. Muy    =        -28.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.65 
 
           -. Vuy    =         38.38 kN. 
           -. Muz    =        -13.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.58 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       78.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1651.22 kN. 
           -. phiVcz    = phi * Vcz =     1486.10 kN. 
 
           -. Vuy       =       38.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1619.03 kN. 
           -. phiVcy    = phi * Vcy =     1457.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2300.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5497.27 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2300.12 kN. 
           -. phiVsz   = phi*Vsz =     2070.11 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2288.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5529.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2288.97 kN. 
           -. phiVsy   = phi*Vsy =     2060.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      87.235 kN. 
           -. Vr       =    3517.200 kN. 
           -. Ratio    = Vu / Vr = 0.025  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       96.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       96.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113131,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3081.61       -18.18        -4.20       -18.02        -4.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3081.61       -18.18        -4.20       -18.02        -4.09 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.20 kN-m. 
           -. End Moments (My2) =       18.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.09 kN-m. 
           -. End Moments (Mz2) =       18.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.09 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.09 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        33.274 kN-m. 
           -. Mrz        =        32.381 kN-m. 
           -. Mr         =        46.429 kN-m. 
           -. Pu/Pr      =   0.126  --->  O.K ! 
           -. Muy/Mry    =   0.126  --->  O.K ! 
           -. Muz/Mrz    =   0.126  --->  O.K ! 
           -. Mu/Mr      =   0.126  --->  O.K ! 
           -. Ratio      =   0.126  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2820.24 kN. 
           -. Vuz    =         43.46 kN. 
           -. Muy    =         -6.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.69 
 
           -. Vuy    =         21.35 kN. 
           -. Muz    =         -3.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       43.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1668.72 kN. 
           -. phiVcz    = phi * Vcz =     1501.85 kN. 
 
           -. Vuy       =       21.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1637.27 kN. 
           -. phiVcy    = phi * Vcy =     1473.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2306.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5479.77 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2306.04 kN. 
           -. phiVsz   = phi*Vsz =     2075.44 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2295.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5511.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2295.33 kN. 
           -. phiVsy   = phi*Vsy =     2065.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      48.423 kN. 
           -. Vr       =    3539.343 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       53.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       53.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113132,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3098.27        -4.20         0.00        -4.09         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3098.27        -4.20         0.00        -4.09         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        4.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        4.09 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.127  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.127  --->  O.K ! 
           -. Ratio      =   0.127  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2836.90 kN. 
           -. Vuz    =         13.02 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.66 
 
           -. Vuy    =          6.43 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.66 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1653.25 kN. 
           -. phiVcz    = phi * Vcz =     1487.93 kN. 
 
           -. Vuy       =        6.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1653.25 kN. 
           -. phiVcy    = phi * Vcy =     1487.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2300.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5495.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2300.82 kN. 
           -. phiVsz   = phi*Vsz =     2070.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2300.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5495.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2300.82 kN. 
           -. phiVsy   = phi*Vsy =     2070.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      14.522 kN. 
           -. Vr       =    3558.665 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113202,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2646.78      -310.84      -157.85      -144.12      -386.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2646.78      -310.84      -157.85      -144.12      -386.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      157.85 kN-m. 
           -. End Moments (My2) =      310.84 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -157.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -157.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      144.12 kN-m. 
           -. End Moments (Mz2) =      386.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -386.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -386.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     20600.474 kN. 
           -. Mry        =      1240.869 kN-m. 
           -. Mrz        =      3023.672 kN-m. 
           -. Mr         =      3268.386 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.128  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2352.82 kN. 
           -. Vuz    =       1077.02 kN. 
           -. Muy    =       -219.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        383.52 kN. 
           -. Muz    =       -340.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =     1077.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.44 kN. 
           -. phiVcz    = phi * Vcz =     1156.00 kN. 
 
           -. Vuy       =      383.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.24 kN. 
           -. phiVcy    = phi * Vcy =     1118.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.24 kN. 
           -. phiVsz   = phi*Vsz =     1932.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.16 kN. 
           -. phiVsy   = phi*Vsy =     1912.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1143.266 kN. 
           -. Vr       =    3030.661 kN. 
           -. Ratio    = Vu / Vr = 0.377  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1270.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1270.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
9.6895e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-9.6895e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113203,  LCB = 151-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2369.53      -219.34      -668.59      -340.01      -480.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2369.53      -219.34      -668.59      -340.01      -480.10 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      219.34 kN-m. 
           -. End Moments (My2) =      668.59 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -668.59 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -668.59 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      340.01 kN-m. 
           -. End Moments (Mz2) =      480.10 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -480.10 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -480.10 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12968.283 kN. 
           -. Mry        =      3689.435 kN-m. 
           -. Mrz        =      2648.420 kN-m. 
           -. Mr         =      4541.592 kN-m. 
           -. Pu/Pr      =   0.183  --->  O.K ! 
           -. Muy/Mry    =   0.181  --->  O.K ! 
           -. Muz/Mrz    =   0.181  --->  O.K ! 
           -. Mu/Mr      =   0.183  --->  O.K ! 
           -. Ratio      =   0.183  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2369.53 kN. 
           -. Vuz    =        953.34 kN. 
           -. Muy    =       -668.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        334.92 kN. 
           -. Muz    =       -480.10 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      953.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1324.56 kN. 
           -. phiVcz    = phi * Vcz =     1192.11 kN. 
 
           -. Vuy       =      334.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1282.95 kN. 
           -. phiVcy    = phi * Vcy =     1154.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2167.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5823.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2167.20 kN. 
           -. phiVsz   = phi*Vsz =     1950.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2146.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5865.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2146.48 kN. 
           -. phiVsy   = phi*Vsy =     1931.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1010.454 kN. 
           -. Vr       =    3086.491 kN. 
           -. Ratio    = Vu / Vr = 0.327  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1122.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1122.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113204,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            289.40       677.54      1071.85       568.93       678.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      289.40       677.54      1071.85       568.93       678.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      677.54 kN-m. 
           -. End Moments (My2) =     1071.85 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1071.85 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1071.85 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      568.93 kN-m. 
           -. End Moments (Mz2) =      678.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      678.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      678.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1149.102 kN. 
           -. Mry        =      4280.319 kN-m. 
           -. Mrz        =      2720.269 kN-m. 
           -. Mr         =      5071.587 kN-m. 
           -. Pu/Pr      =   0.252  --->  O.K ! 
           -. Muy/Mry    =   0.250  --->  O.K ! 
           -. Muz/Mrz    =   0.249  --->  O.K ! 
           -. Mu/Mr      =   0.252  --->  O.K ! 
           -. Ratio      =   0.252  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2386.24 kN. 
           -. Vuz    =        829.36 kN. 
           -. Muy    =      -1060.13 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        286.65 kN. 
           -. Muz    =       -611.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      829.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1280.83 kN. 
           -. phiVcz    = phi * Vcz =     1152.75 kN. 
 
           -. Vuy       =      286.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1238.58 kN. 
           -. phiVcy    = phi * Vcy =     1114.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5867.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.40 kN. 
           -. phiVsz   = phi*Vsz =     1930.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5909.91 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.19 kN. 
           -. phiVsy   = phi*Vsy =     1910.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     877.499 kN. 
           -. Vr       =    3025.592 kN. 
           -. Ratio    = Vu / Vr = 0.290  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      975.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      975.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113205,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            301.34      1071.85      1407.38       678.49       773.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      301.34      1071.85      1407.38       678.49       773.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1071.85 kN-m. 
           -. End Moments (My2) =     1407.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1407.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1407.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      678.49 kN-m. 
           -. End Moments (Mz2) =      773.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      773.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      773.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       943.736 kN. 
           -. Mry        =      4428.995 kN-m. 
           -. Mrz        =      2435.367 kN-m. 
           -. Mr         =      5054.405 kN-m. 
           -. Pu/Pr      =   0.319  --->  O.K ! 
           -. Muy/Mry    =   0.318  --->  O.K ! 
           -. Muz/Mrz    =   0.318  --->  O.K ! 
           -. Mu/Mr      =   0.319  --->  O.K ! 
           -. Ratio      =   0.319  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2402.94 kN. 
           -. Vuz    =        706.22 kN. 
           -. Muy    =      -1393.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
 
           -. Vuy    =        239.18 kN. 
           -. Muz    =       -726.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      706.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1240.24 kN. 
           -. phiVcz    = phi * Vcz =     1116.22 kN. 
 
           -. Vuy       =      239.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1197.52 kN. 
           -. phiVcy    = phi * Vcy =     1077.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5908.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.09 kN. 
           -. phiVsz   = phi*Vsz =     1911.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2100.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5950.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2100.46 kN. 
           -. phiVsy   = phi*Vsy =     1890.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     745.627 kN. 
           -. Vr       =    2968.181 kN. 
           -. Ratio    = Vu / Vr = 0.251  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      828.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      828.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0026 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113206,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            313.29      1407.38      1684.77       773.87       851.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      313.29      1407.38      1684.77       773.87       851.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1407.38 kN-m. 
           -. End Moments (My2) =     1684.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1684.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1684.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      773.87 kN-m. 
           -. End Moments (Mz2) =      851.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      851.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      851.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       838.842 kN. 
           -. Mry        =      4504.419 kN-m. 
           -. Mrz        =      2274.576 kN-m. 
           -. Mr         =      5046.136 kN-m. 
           -. Pu/Pr      =   0.373  --->  O.K ! 
           -. Muy/Mry    =   0.374  --->  O.K ! 
           -. Muz/Mrz    =   0.374  --->  O.K ! 
           -. Mu/Mr      =   0.374  --->  O.K ! 
           -. Ratio      =   0.374  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2419.64 kN. 
           -. Vuz    =        585.17 kN. 
           -. Muy    =      -1668.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.68 
 
           -. Vuy    =        193.07 kN. 
           -. Muz    =       -821.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.59 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      585.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1210.88 kN. 
           -. phiVcz    = phi * Vcz =     1089.79 kN. 
 
           -. Vuy       =      193.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1167.90 kN. 
           -. phiVcy    = phi * Vcy =     1051.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2107.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5937.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2107.99 kN. 
           -. phiVsz   = phi*Vsz =     1897.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2083.30 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5980.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2083.30 kN. 
           -. phiVsy   = phi*Vsy =     1874.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     616.195 kN. 
           -. Vr       =    2926.078 kN. 
           -. Ratio    = Vu / Vr = 0.211  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      684.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      684.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113207,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            325.24      1684.77      1904.97       851.35       909.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      325.24      1684.77      1904.97       851.35       909.96 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1684.77 kN-m. 
           -. End Moments (My2) =     1904.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1904.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1904.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      851.35 kN-m. 
           -. End Moments (Mz2) =      909.96 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      909.96 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      909.96 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       781.702 kN. 
           -. Mry        =      4549.705 kN-m. 
           -. Mrz        =      2170.775 kN-m. 
           -. Mr         =      5041.040 kN-m. 
           -. Pu/Pr      =   0.416  --->  O.K ! 
           -. Muy/Mry    =   0.419  --->  O.K ! 
           -. Muz/Mrz    =   0.419  --->  O.K ! 
           -. Mu/Mr      =   0.419  --->  O.K ! 
           -. Ratio      =   0.419  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2436.34 kN. 
           -. Vuz    =        467.37 kN. 
           -. Muy    =      -1887.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =        148.87 kN. 
           -. Muz    =       -895.96 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      467.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.28 kN. 
           -. phiVcz    = phi * Vcz =     1072.15 kN. 
 
           -. Vuy       =      148.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1148.16 kN. 
           -. phiVcy    = phi * Vcy =     1033.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5957.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.90 kN. 
           -. phiVsz   = phi*Vsz =     1887.21 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6000.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.49 kN. 
           -. phiVsy   = phi*Vsy =     1864.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     490.502 kN. 
           -. Vr       =    2897.688 kN. 
           -. Ratio    = Vu / Vr = 0.169  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      545.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      545.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113208,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            337.19      1904.97      2077.51       909.96       949.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      337.19      1904.97      2077.51       909.96       949.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1904.97 kN-m. 
           -. End Moments (My2) =     2077.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2077.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2077.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      909.96 kN-m. 
           -. End Moments (Mz2) =      949.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      949.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      949.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       738.364 kN. 
           -. Mry        =      4583.033 kN-m. 
           -. Mrz        =      2090.307 kN-m. 
           -. Mr         =      5037.219 kN-m. 
           -. Pu/Pr      =   0.457  --->  O.K ! 
           -. Muy/Mry    =   0.453  --->  O.K ! 
           -. Muz/Mrz    =   0.454  --->  O.K ! 
           -. Mu/Mr      =   0.457  --->  O.K ! 
           -. Ratio      =   0.457  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2453.04 kN. 
           -. Vuz    =        354.02 kN. 
           -. Muy    =      -2059.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.61 
 
           -. Vuy    =        107.32 kN. 
           -. Muz    =       -949.28 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      354.02 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1179.20 kN. 
           -. phiVcz    = phi * Vcz =     1061.28 kN. 
 
           -. Vuy       =      107.32 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1136.01 kN. 
           -. phiVcy    = phi * Vcy =     1022.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2089.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5969.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2089.93 kN. 
           -. phiVsz   = phi*Vsz =     1880.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2064.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6012.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2064.06 kN. 
           -. phiVsy   = phi*Vsy =     1857.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     369.928 kN. 
           -. Vr       =    2880.071 kN. 
           -. Ratio    = Vu / Vr = 0.128  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      411.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      411.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113209,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            349.14      2077.51      2200.05       949.32       973.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      349.14      2077.51      2200.05       949.32       973.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2077.51 kN-m. 
           -. End Moments (My2) =     2200.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2200.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2200.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      949.32 kN-m. 
           -. End Moments (Mz2) =      973.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      973.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      973.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       727.463 kN. 
           -. Mry        =      4607.387 kN-m. 
           -. Mrz        =      2033.645 kN-m. 
           -. Mr         =      5036.241 kN-m. 
           -. Pu/Pr      =   0.480  --->  O.K ! 
           -. Muy/Mry    =   0.478  --->  O.K ! 
           -. Muz/Mrz    =   0.479  --->  O.K ! 
           -. Mu/Mr      =   0.480  --->  O.K ! 
           -. Ratio      =   0.480  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2469.74 kN. 
           -. Vuz    =        246.27 kN. 
           -. Muy    =      -2181.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
 
           -. Vuy    =         69.64 kN. 
           -. Muz    =       -985.68 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.50 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      246.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1174.09 kN. 
           -. phiVcz    = phi * Vcz =     1056.68 kN. 
 
           -. Vuy       =       69.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1130.88 kN. 
           -. phiVcy    = phi * Vcy =     1017.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2086.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5974.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2086.94 kN. 
           -. phiVsz   = phi*Vsz =     1878.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2060.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6017.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2060.89 kN. 
           -. phiVsy   = phi*Vsy =     1854.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     255.927 kN. 
           -. Vr       =    2872.588 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      284.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      284.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113210,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            361.09      2200.05      2272.48       973.69       981.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      361.09      2200.05      2272.48       973.69       981.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2200.05 kN-m. 
           -. End Moments (My2) =     2272.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2272.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2272.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      973.69 kN-m. 
           -. End Moments (Mz2) =      981.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      981.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      981.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2629 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       729.709 kN. 
           -. Mry        =      4626.430 kN-m. 
           -. Mrz        =      1990.401 kN-m. 
           -. Mr         =      5036.422 kN-m. 
           -. Pu/Pr      =   0.495  --->  O.K ! 
           -. Muy/Mry    =   0.491  --->  O.K ! 
           -. Muz/Mrz    =   0.493  --->  O.K ! 
           -. Mu/Mr      =   0.495  --->  O.K ! 
           -. Ratio      =   0.495  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2486.44 kN. 
           -. Vuz    =        145.23 kN. 
           -. Muy    =      -2253.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
 
           -. Vuy    =         38.93 kN. 
           -. Muz    =      -1003.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      145.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1175.70 kN. 
           -. phiVcz    = phi * Vcz =     1058.13 kN. 
 
           -. Vuy       =       38.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1132.49 kN. 
           -. phiVcy    = phi * Vcy =     1019.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2087.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5972.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2087.88 kN. 
           -. phiVsz   = phi*Vsz =     1879.09 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2061.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6016.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2061.89 kN. 
           -. phiVsy   = phi*Vsy =     1855.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     150.359 kN. 
           -. Vr       =    2874.935 kN. 
           -. Ratio    = Vu / Vr = 0.052  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      167.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      167.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113211,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            373.04      2272.48      2290.65       981.02       971.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      373.04      2272.48      2290.65       981.02       971.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2272.48 kN-m. 
           -. End Moments (My2) =     2290.65 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2290.65 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2290.65 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      971.12 kN-m. 
           -. End Moments (Mz2) =      981.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      971.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      971.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       760.368 kN. 
           -. Mry        =      4642.188 kN-m. 
           -. Mrz        =      1960.101 kN-m. 
           -. Mr         =      5039.039 kN-m. 
           -. Pu/Pr      =   0.491  --->  O.K ! 
           -. Muy/Mry    =   0.493  --->  O.K ! 
           -. Muz/Mrz    =   0.495  --->  O.K ! 
           -. Mu/Mr      =   0.495  --->  O.K ! 
           -. Ratio      =   0.495  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        373.04 kN. 
           -. Vuz    =         37.24 kN. 
           -. Muy    =       2290.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.87 
 
           -. Vuy    =         45.06 kN. 
           -. Muz    =        971.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       37.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1296.34 kN. 
           -. phiVcz    = phi * Vcz =     1166.71 kN. 
 
           -. Vuy       =       45.06 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1296.34 kN. 
           -. phiVcy    = phi * Vcy =     1166.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2153.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5852.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2153.26 kN. 
           -. phiVsz   = phi*Vsz =     1937.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2153.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5852.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2153.26 kN. 
           -. phiVsy   = phi*Vsy =     1937.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      58.459 kN. 
           -. Vr       =    3104.643 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       64.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       64.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0073 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0073 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0073 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2635 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113212,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            373.01      2290.65      2245.26       971.12       938.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      373.01      2290.65      2245.26       971.12       938.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2245.26 kN-m. 
           -. End Moments (My2) =     2290.65 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2290.65 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2290.65 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      938.50 kN-m. 
           -. End Moments (Mz2) =      971.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      971.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      971.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       760.368 kN. 
           -. Mry        =      4642.188 kN-m. 
           -. Mrz        =      1960.101 kN-m. 
           -. Mr         =      5039.039 kN-m. 
           -. Pu/Pr      =   0.491  --->  O.K ! 
           -. Muy/Mry    =   0.493  --->  O.K ! 
           -. Muz/Mrz    =   0.495  --->  O.K ! 
           -. Mu/Mr      =   0.495  --->  O.K ! 
           -. Ratio      =   0.495  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2503.17 kN. 
           -. Vuz    =         97.92 kN. 
           -. Muy    =      -2271.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
 
           -. Vuy    =         65.80 kN. 
           -. Muz    =      -1001.26 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       97.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1176.39 kN. 
           -. phiVcz    = phi * Vcz =     1058.75 kN. 
 
           -. Vuy       =       65.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1133.18 kN. 
           -. phiVcy    = phi * Vcy =     1019.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2088.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5972.10 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2088.29 kN. 
           -. phiVsz   = phi*Vsz =     1879.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2062.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6015.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2062.32 kN. 
           -. phiVsy   = phi*Vsy =     1856.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     117.975 kN. 
           -. Vr       =    2875.951 kN. 
           -. Ratio    = Vu / Vr = 0.041  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      131.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      131.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113213,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            384.96      2245.26      2200.49       938.50       906.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      384.96      2245.26      2200.49       938.50       906.26 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2200.49 kN-m. 
           -. End Moments (My2) =     2245.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2245.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2245.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      906.26 kN-m. 
           -. End Moments (Mz2) =      938.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      938.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      938.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       803.058 kN. 
           -. Mry        =      4655.734 kN-m. 
           -. Mrz        =      1937.206 kN-m. 
           -. Mr         =      5042.680 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.482  --->  O.K ! 
           -. Muz/Mrz    =   0.484  --->  O.K ! 
           -. Mu/Mr      =   0.484  --->  O.K ! 
           -. Ratio      =   0.484  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2519.86 kN. 
           -. Vuz    =         96.67 kN. 
           -. Muy    =      -2227.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
 
           -. Vuy    =         65.36 kN. 
           -. Muz    =       -974.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1183.16 kN. 
           -. phiVcz    = phi * Vcz =     1064.84 kN. 
 
           -. Vuy       =       65.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1139.99 kN. 
           -. phiVcy    = phi * Vcy =     1025.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5965.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.22 kN. 
           -. phiVsz   = phi*Vsz =     1883.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2066.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6008.50 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2066.51 kN. 
           -. phiVsy   = phi*Vsy =     1859.86 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     116.697 kN. 
           -. Vr       =    2885.846 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      129.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      129.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113214,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            396.92      2200.49      2156.21       906.26       874.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      396.92      2200.49      2156.21       906.26       874.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2156.21 kN-m. 
           -. End Moments (My2) =     2200.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2200.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2200.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      874.36 kN-m. 
           -. End Moments (Mz2) =      906.26 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      906.26 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      906.26 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       841.403 kN. 
           -. Mry        =      4669.138 kN-m. 
           -. Mrz        =      1913.328 kN-m. 
           -. Mr         =      5045.956 kN-m. 
           -. Pu/Pr      =   0.472  --->  O.K ! 
           -. Muy/Mry    =   0.471  --->  O.K ! 
           -. Muz/Mrz    =   0.474  --->  O.K ! 
           -. Mu/Mr      =   0.474  --->  O.K ! 
           -. Ratio      =   0.474  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2536.54 kN. 
           -. Vuz    =         95.69 kN. 
           -. Muy    =      -2183.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =         65.04 kN. 
           -. Muz    =       -947.14 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       95.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1189.85 kN. 
           -. phiVcz    = phi * Vcz =     1070.87 kN. 
 
           -. Vuy       =       65.04 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1146.73 kN. 
           -. phiVcy    = phi * Vcy =     1032.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.08 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5958.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.08 kN. 
           -. phiVsz   = phi*Vsz =     1886.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2070.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6001.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2070.62 kN. 
           -. phiVsy   = phi*Vsy =     1863.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     115.700 kN. 
           -. Vr       =    2895.609 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      128.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      128.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113215,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            408.89      2156.21      2061.43       874.36       825.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      408.89      2156.21      2061.43       874.36       825.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2061.43 kN-m. 
           -. End Moments (My2) =     2156.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2156.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2156.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      825.52 kN-m. 
           -. End Moments (Mz2) =      874.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      874.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      874.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       886.653 kN. 
           -. Mry        =      4673.888 kN-m. 
           -. Mrz        =      1896.165 kN-m. 
           -. Mr         =      5043.875 kN-m. 
           -. Pu/Pr      =   0.461  --->  O.K ! 
           -. Muy/Mry    =   0.461  --->  O.K ! 
           -. Muz/Mrz    =   0.461  --->  O.K ! 
           -. Mu/Mr      =   0.461  --->  O.K ! 
           -. Ratio      =   0.461  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2553.23 kN. 
           -. Vuz    =        191.33 kN. 
           -. Muy    =      -2139.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
 
           -. Vuy    =         98.03 kN. 
           -. Muz    =       -920.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      191.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1183.52 kN. 
           -. phiVcz    = phi * Vcz =     1065.17 kN. 
 
           -. Vuy       =       98.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1140.35 kN. 
           -. phiVcy    = phi * Vcy =     1026.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5964.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.43 kN. 
           -. phiVsz   = phi*Vsz =     1883.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2066.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6008.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2066.73 kN. 
           -. phiVsy   = phi*Vsy =     1860.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     214.980 kN. 
           -. Vr       =    2886.376 kN. 
           -. Ratio    = Vu / Vr = 0.074  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      238.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      238.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113216,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            420.85      2061.43      1926.89       825.52       763.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      420.85      2061.43      1926.89       825.52       763.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1926.89 kN-m. 
           -. End Moments (My2) =     2061.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2061.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2061.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      763.84 kN-m. 
           -. End Moments (Mz2) =      825.52 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      825.52 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      825.52 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       961.325 kN. 
           -. Mry        =      4688.089 kN-m. 
           -. Mrz        =      1877.731 kN-m. 
           -. Mr         =      5050.154 kN-m. 
           -. Pu/Pr      =   0.438  --->  O.K ! 
           -. Muy/Mry    =   0.440  --->  O.K ! 
           -. Muz/Mrz    =   0.440  --->  O.K ! 
           -. Mu/Mr      =   0.440  --->  O.K ! 
           -. Ratio      =   0.440  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2569.92 kN. 
           -. Vuz    =        266.75 kN. 
           -. Muy    =      -2045.56 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =        124.70 kN. 
           -. Muz    =       -874.50 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      266.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1187.77 kN. 
           -. phiVcz    = phi * Vcz =     1069.00 kN. 
 
           -. Vuy       =      124.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1144.63 kN. 
           -. phiVcy    = phi * Vcy =     1030.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2094.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5960.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2094.89 kN. 
           -. phiVsz   = phi*Vsz =     1885.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2069.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6003.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2069.34 kN. 
           -. phiVsy   = phi*Vsy =     1862.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     294.457 kN. 
           -. Vr       =    2892.580 kN. 
           -. Ratio    = Vu / Vr = 0.102  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      327.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      327.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0034 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113217,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            432.81      1926.89      1763.09       763.84       693.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      432.81      1926.89      1763.09       763.84       693.32 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1763.09 kN-m. 
           -. End Moments (My2) =     1926.89 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1926.89 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1926.89 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      693.32 kN-m. 
           -. End Moments (Mz2) =      763.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      763.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      763.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1059.771 kN. 
           -. Mry        =      4702.378 kN-m. 
           -. Mrz        =      1864.133 kN-m. 
           -. Mr         =      5058.394 kN-m. 
           -. Pu/Pr      =   0.408  --->  O.K ! 
           -. Muy/Mry    =   0.410  --->  O.K ! 
           -. Muz/Mrz    =   0.410  --->  O.K ! 
           -. Mu/Mr      =   0.410  --->  O.K ! 
           -. Ratio      =   0.410  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2586.60 kN. 
           -. Vuz    =        324.87 kN. 
           -. Muy    =      -1912.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
 
           -. Vuy    =        144.68 kN. 
           -. Muz    =       -813.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      324.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1200.88 kN. 
           -. phiVcz    = phi * Vcz =     1080.79 kN. 
 
           -. Vuy       =      144.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1157.83 kN. 
           -. phiVcy    = phi * Vcy =     1042.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2102.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5947.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2102.37 kN. 
           -. phiVsz   = phi*Vsz =     1892.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2077.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5990.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2077.31 kN. 
           -. phiVsy   = phi*Vsy =     1869.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     355.628 kN. 
           -. Vr       =    2911.623 kN. 
           -. Ratio    = Vu / Vr = 0.122  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      395.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      395.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113218,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            444.78      1763.09      1591.76       693.32       620.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      444.78      1763.09      1591.76       693.32       620.84 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1591.76 kN-m. 
           -. End Moments (My2) =     1763.09 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1763.09 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1763.09 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      620.84 kN-m. 
           -. End Moments (Mz2) =      693.32 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      693.32 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      693.32 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1181.288 kN. 
           -. Mry        =      4716.893 kN-m. 
           -. Mrz        =      1854.875 kN-m. 
           -. Mr         =      5068.494 kN-m. 
           -. Pu/Pr      =   0.377  --->  O.K ! 
           -. Muy/Mry    =   0.374  --->  O.K ! 
           -. Muz/Mrz    =   0.374  --->  O.K ! 
           -. Mu/Mr      =   0.377  --->  O.K ! 
           -. Ratio      =   0.377  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2603.28 kN. 
           -. Vuz    =        339.85 kN. 
           -. Muy    =      -1749.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
 
           -. Vuy    =        149.84 kN. 
           -. Muz    =       -741.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      339.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1225.37 kN. 
           -. phiVcz    = phi * Vcz =     1102.83 kN. 
 
           -. Vuy       =      149.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1182.51 kN. 
           -. phiVcy    = phi * Vcy =     1064.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2116.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5923.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2116.01 kN. 
           -. phiVsz   = phi*Vsz =     1904.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2091.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5965.98 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2091.84 kN. 
           -. phiVsy   = phi*Vsy =     1882.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     371.413 kN. 
           -. Vr       =    2946.918 kN. 
           -. Ratio    = Vu / Vr = 0.126  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      412.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      412.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0025 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0025 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113219,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            456.75      1591.76      1417.80       620.84       547.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      456.75      1591.76      1417.80       620.84       547.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1417.80 kN-m. 
           -. End Moments (My2) =     1591.76 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2664 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1591.76 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1591.76 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      547.95 kN-m. 
           -. End Moments (Mz2) =      620.84 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      620.84 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      620.84 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1348.724 kN. 
           -. Mry        =      4734.806 kN-m. 
           -. Mrz        =      1846.919 kN-m. 
           -. Mr         =      5082.273 kN-m. 
           -. Pu/Pr      =   0.339  --->  O.K ! 
           -. Muy/Mry    =   0.336  --->  O.K ! 
           -. Muz/Mrz    =   0.336  --->  O.K ! 
           -. Mu/Mr      =   0.339  --->  O.K ! 
           -. Ratio      =   0.339  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2619.96 kN. 
           -. Vuz    =        345.11 kN. 
           -. Muy    =      -1579.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.77 
 
           -. Vuy    =        151.36 kN. 
           -. Muz    =       -666.38 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      345.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1253.68 kN. 
           -. phiVcz    = phi * Vcz =     1128.31 kN. 
 
           -. Vuy       =      151.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1211.10 kN. 
           -. phiVcy    = phi * Vcy =     1089.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2131.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5894.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2131.26 kN. 
           -. phiVsz   = phi*Vsz =     1918.14 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2108.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5937.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2108.11 kN. 
           -. phiVsy   = phi*Vsy =     1897.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     376.843 kN. 
           -. Vr       =    2987.289 kN. 
           -. Ratio    = Vu / Vr = 0.126  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      418.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      418.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2667 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113220,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2636.64     -1407.32     -1233.15      -590.89      -515.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2636.64     -1407.32     -1233.15      -590.89      -515.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1233.15 kN-m. 
           -. End Moments (My2) =     1407.32 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1407.32 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1407.32 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      515.59 kN-m. 
           -. End Moments (Mz2) =      590.89 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -590.89 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -590.89 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8605.353 kN. 
           -. Mry        =      4566.684 kN-m. 
           -. Mrz        =      1918.766 kN-m. 
           -. Mr         =      4953.410 kN-m. 
           -. Pu/Pr      =   0.306  --->  O.K ! 
           -. Muy/Mry    =   0.308  --->  O.K ! 
           -. Muz/Mrz    =   0.308  --->  O.K ! 
           -. Mu/Mr      =   0.308  --->  O.K ! 
           -. Ratio      =   0.308  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2636.64 kN. 
           -. Vuz    =        348.33 kN. 
           -. Muy    =      -1407.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        150.86 kN. 
           -. Muz    =       -590.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      348.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1284.21 kN. 
           -. phiVcz    = phi * Vcz =     1155.79 kN. 
 
           -. Vuy       =      150.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1242.00 kN. 
           -. phiVcy    = phi * Vcy =     1117.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2147.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5864.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2147.12 kN. 
           -. phiVsz   = phi*Vsz =     1932.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2125.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5906.49 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2125.03 kN. 
           -. phiVsy   = phi*Vsy =     1912.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     379.598 kN. 
           -. Vr       =    3030.330 kN. 
           -. Ratio    = Vu / Vr = 0.125  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      421.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      421.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113221,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2653.31     -1233.15     -1062.45      -515.59      -442.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2653.31     -1233.15     -1062.45      -515.59      -442.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1062.45 kN-m. 
           -. End Moments (My2) =     1233.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1233.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1233.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      442.51 kN-m. 
           -. End Moments (Mz2) =      515.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -515.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -515.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9639.136 kN. 
           -. Mry        =      4482.407 kN-m. 
           -. Mrz        =      1875.779 kN-m. 
           -. Mr         =      4859.065 kN-m. 
           -. Pu/Pr      =   0.275  --->  O.K ! 
           -. Muy/Mry    =   0.275  --->  O.K ! 
           -. Muz/Mrz    =   0.275  --->  O.K ! 
           -. Mu/Mr      =   0.275  --->  O.K ! 
           -. Ratio      =   0.275  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2653.31 kN. 
           -. Vuz    =        341.40 kN. 
           -. Muy    =      -1233.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =        146.35 kN. 
           -. Muz    =       -515.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      341.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1318.26 kN. 
           -. phiVcz    = phi * Vcz =     1186.43 kN. 
 
           -. Vuy       =      146.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1276.54 kN. 
           -. phiVcy    = phi * Vcy =     1148.89 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2164.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5830.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2164.13 kN. 
           -. phiVsz   = phi*Vsz =     1947.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2143.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5871.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2143.20 kN. 
           -. phiVsy   = phi*Vsy =     1928.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     371.443 kN. 
           -. Vr       =    3077.765 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      412.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      412.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113222,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2669.99     -1062.45      -899.16      -442.51      -373.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2669.99     -1062.45      -899.16      -442.51      -373.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      899.16 kN-m. 
           -. End Moments (My2) =     1062.45 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1062.45 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1062.45 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      373.18 kN-m. 
           -. End Moments (Mz2) =      442.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -442.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -442.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     10960.543 kN. 
           -. Mry        =      4376.718 kN-m. 
           -. Mrz        =      1824.768 kN-m. 
           -. Mr         =      4741.881 kN-m. 
           -. Pu/Pr      =   0.244  --->  O.K ! 
           -. Muy/Mry    =   0.243  --->  O.K ! 
           -. Muz/Mrz    =   0.243  --->  O.K ! 
           -. Mu/Mr      =   0.244  --->  O.K ! 
           -. Ratio      =   0.244  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2669.99 kN. 
           -. Vuz    =        326.61 kN. 
           -. Muy    =      -1062.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        138.78 kN. 
           -. Muz    =       -442.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2678 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      326.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1354.78 kN. 
           -. phiVcz    = phi * Vcz =     1219.30 kN. 
 
           -. Vuy       =      138.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1313.70 kN. 
           -. phiVcy    = phi * Vcy =     1182.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2181.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5793.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2181.62 kN. 
           -. phiVsz   = phi*Vsz =     1963.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2161.89 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5834.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2161.89 kN. 
           -. phiVsy   = phi*Vsy =     1945.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     354.872 kN. 
           -. Vr       =    3128.035 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      394.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      394.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=3.6647e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=4.3597e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =4.3597e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113223,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2686.66      -899.16      -744.51      -373.18      -307.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2686.66      -899.16      -744.51      -373.18      -307.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      744.51 kN-m. 
           -. End Moments (My2) =      899.16 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -899.16 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -899.16 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      307.94 kN-m. 
           -. End Moments (Mz2) =      373.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -373.18 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -373.18 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     12586.491 kN. 
           -. Mry        =      4231.457 kN-m. 
           -. Mrz        =      1758.296 kN-m. 
           -. Mr         =      4582.230 kN-m. 
           -. Pu/Pr      =   0.213  --->  O.K ! 
           -. Muy/Mry    =   0.212  --->  O.K ! 
           -. Muz/Mrz    =   0.212  --->  O.K ! 
           -. Mu/Mr      =   0.213  --->  O.K ! 
           -. Ratio      =   0.213  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2686.66 kN. 
           -. Vuz    =        309.32 kN. 
           -. Muy    =       -899.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
 
           -. Vuy    =        130.56 kN. 
           -. Muz    =       -373.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.99 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      309.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1392.14 kN. 
           -. phiVcz    = phi * Vcz =     1252.93 kN. 
 
           -. Vuy       =      130.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1351.81 kN. 
           -. phiVcy    = phi * Vcy =     1216.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2198.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5756.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2198.76 kN. 
           -. phiVsz   = phi*Vsz =     1978.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2180.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5796.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2180.23 kN. 
           -. phiVsy   = phi*Vsy =     1962.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     335.743 kN. 
           -. Vr       =    3178.834 kN. 
           -. Ratio    = Vu / Vr = 0.106  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      373.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      373.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113224,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2703.33      -744.51      -598.12      -307.94      -246.48 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2703.33      -744.51      -598.12      -307.94      -246.48 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      598.12 kN-m. 
           -. End Moments (My2) =      744.51 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -744.51 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -744.51 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      246.48 kN-m. 
           -. End Moments (Mz2) =      307.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -307.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -307.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14530.821 kN. 
           -. Mry        =      4022.479 kN-m. 
           -. Mrz        =      1664.474 kN-m. 
           -. Mr         =      4353.253 kN-m. 
           -. Pu/Pr      =   0.186  --->  O.K ! 
           -. Muy/Mry    =   0.185  --->  O.K ! 
           -. Muz/Mrz    =   0.185  --->  O.K ! 
           -. Mu/Mr      =   0.186  --->  O.K ! 
           -. Ratio      =   0.186  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2703.33 kN. 
           -. Vuz    =        292.79 kN. 
           -. Muy    =       -744.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.16 
 
           -. Vuy    =        123.00 kN. 
           -. Muz    =       -307.94 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.08 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      292.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1429.37 kN. 
           -. phiVcz    = phi * Vcz =     1286.43 kN. 
 
           -. Vuy       =      123.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1389.89 kN. 
           -. phiVcy    = phi * Vcy =     1250.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2215.13 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5719.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2215.13 kN. 
           -. phiVsz   = phi*Vsz =     1993.62 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2197.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5758.60 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2197.75 kN. 
           -. phiVsy   = phi*Vsy =     1977.97 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     317.577 kN. 
           -. Vr       =    3228.873 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      352.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      352.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113225,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2720.00      -598.12      -460.64      -246.48      -189.01 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2720.00      -598.12      -460.64      -246.48      -189.01 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      460.64 kN-m. 
           -. End Moments (My2) =      598.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -598.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -598.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      189.01 kN-m. 
           -. End Moments (Mz2) =      246.48 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -246.48 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -246.48 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     16821.227 kN. 
           -. Mry        =      3713.683 kN-m. 
           -. Mrz        =      1531.527 kN-m. 
           -. Mr         =      4017.091 kN-m. 
           -. Pu/Pr      =   0.162  --->  O.K ! 
           -. Muy/Mry    =   0.161  --->  O.K ! 
           -. Muz/Mrz    =   0.161  --->  O.K ! 
           -. Mu/Mr      =   0.162  --->  O.K ! 
           -. Ratio      =   0.162  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2720.00 kN. 
           -. Vuz    =        274.98 kN. 
           -. Muy    =       -598.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.25 
 
           -. Vuy    =        115.03 kN. 
           -. Muz    =       -246.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.42 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.16 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      274.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1466.83 kN. 
           -. phiVcz    = phi * Vcz =     1320.15 kN. 
 
           -. Vuy       =      115.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1428.31 kN. 
           -. phiVcy    = phi * Vcy =     1285.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2230.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5681.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2230.93 kN. 
           -. phiVsz   = phi*Vsz =     2007.83 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2214.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5720.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2214.67 kN. 
           -. phiVsy   = phi*Vsy =     1993.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     298.069 kN. 
           -. Vr       =    3278.689 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      331.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      331.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113226,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2736.67      -460.64      -332.24      -189.01      -135.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2736.67      -460.64      -332.24      -189.01      -135.53 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      332.24 kN-m. 
           -. End Moments (My2) =      460.64 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -460.64 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -460.64 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      135.53 kN-m. 
           -. End Moments (Mz2) =      189.01 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -189.01 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -189.01 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2693 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     19349.026 kN. 
           -. Mry        =      3281.609 kN-m. 
           -. Mrz        =      1348.058 kN-m. 
           -. Mr         =      3547.706 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2736.67 kN. 
           -. Vuz    =        256.81 kN. 
           -. Muy    =       -460.64 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =        107.03 kN. 
           -. Muz    =       -189.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      256.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1504.03 kN. 
           -. phiVcz    = phi * Vcz =     1353.63 kN. 
 
           -. Vuy       =      107.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1466.58 kN. 
           -. phiVcy    = phi * Vcy =     1319.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2245.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5644.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2245.99 kN. 
           -. phiVsz   = phi*Vsz =     2021.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2230.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5681.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2230.82 kN. 
           -. phiVsy   = phi*Vsy =     2007.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     278.221 kN. 
           -. Vr       =    3327.664 kN. 
           -. Ratio    = Vu / Vr = 0.084  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      309.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      309.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113227,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3047.72      -228.65      -152.50      -200.35      -132.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3047.72      -228.65      -152.50      -200.35      -132.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      152.50 kN-m. 
           -. End Moments (My2) =      228.65 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -228.65 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -228.65 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      132.41 kN-m. 
           -. End Moments (Mz2) =      200.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -200.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -200.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     23758.689 kN. 
           -. Mry        =      1798.733 kN-m. 
           -. Mrz        =      1571.481 kN-m. 
           -. Mr         =      2388.512 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.127  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2753.34 kN. 
           -. Vuz    =        221.68 kN. 
           -. Muy    =       -332.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.42 
 
           -. Vuy    =         91.80 kN. 
           -. Muz    =       -135.53 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      221.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1544.69 kN. 
           -. phiVcz    = phi * Vcz =     1390.22 kN. 
 
           -. Vuy       =       91.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1508.53 kN. 
           -. phiVcy    = phi * Vcy =     1357.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2261.78 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5603.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2261.78 kN. 
           -. phiVsz   = phi*Vsz =     2035.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2247.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5639.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2247.77 kN. 
           -. phiVsy   = phi*Vsy =     2022.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     239.932 kN. 
           -. Vr       =    3380.663 kN. 
           -. Ratio    = Vu / Vr = 0.071  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      266.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      266.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113228,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3081.04      -152.50       -93.36      -132.41       -80.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3081.04      -152.50       -93.36      -132.41       -80.25 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       93.36 kN-m. 
           -. End Moments (My2) =      152.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -93.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -93.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       80.25 kN-m. 
           -. End Moments (Mz2) =      132.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -80.25 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -80.25 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       739.632 kN-m. 
           -. Mrz        =       635.570 kN-m. 
           -. Mr         =       975.194 kN-m. 
           -. Pu/Pr      =   0.126  --->  O.K ! 
           -. Muy/Mry    =   0.126  --->  O.K ! 
           -. Muz/Mrz    =   0.126  --->  O.K ! 
           -. Mu/Mr      =   0.126  --->  O.K ! 
           -. Ratio      =   0.126  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2770.00 kN. 
           -. Vuz    =        171.95 kN. 
           -. Muy    =       -221.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =         70.53 kN. 
           -. Muz    =        -89.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.43 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2702 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      171.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1586.14 kN. 
           -. phiVcz    = phi * Vcz =     1427.53 kN. 
 
           -. Vuy       =       70.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1551.42 kN. 
           -. phiVcy    = phi * Vcy =     1396.28 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2277.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5562.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2277.20 kN. 
           -. phiVsz   = phi*Vsz =     2049.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2264.32 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5597.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2264.32 kN. 
           -. phiVsy   = phi*Vsy =     2037.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     185.856 kN. 
           -. Vr       =    3434.169 kN. 
           -. Ratio    = Vu / Vr = 0.054  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      206.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      206.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3097.71       -93.36       -50.01       -80.25       -42.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3097.71       -93.36       -50.01       -80.25       -42.51 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       50.01 kN-m. 
           -. End Moments (My2) =       93.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -50.01 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -50.01 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.51 kN-m. 
           -. End Moments (Mz2) =       80.25 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.51 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.51 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       394.143 kN-m. 
           -. Mrz        =       334.741 kN-m. 
           -. Mr         =       517.108 kN-m. 
           -. Pu/Pr      =   0.127  --->  O.K ! 
           -. Muy/Mry    =   0.127  --->  O.K ! 
           -. Muz/Mrz    =   0.127  --->  O.K ! 
           -. Mu/Mr      =   0.127  --->  O.K ! 
           -. Ratio      =   0.127  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2786.66 kN. 
           -. Vuz    =        125.91 kN. 
           -. Muy    =       -135.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.59 
 
           -. Vuy    =         51.12 kN. 
           -. Muz    =        -54.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.51 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2706 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      125.91 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1621.31 kN. 
           -. phiVcz    = phi * Vcz =     1459.18 kN. 
 
           -. Vuy       =       51.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1587.91 kN. 
           -. phiVcy    = phi * Vcy =     1429.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2289.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5527.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2289.77 kN. 
           -. phiVsz   = phi*Vsz =     2060.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2277.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5560.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2277.84 kN. 
           -. phiVsy   = phi*Vsy =     2050.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     135.890 kN. 
           -. Vr       =    3479.176 kN. 
           -. Ratio    = Vu / Vr = 0.039  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      150.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      150.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3114.37       -50.01       -21.02       -42.51       -17.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3114.37       -50.01       -21.02       -42.51       -17.63 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       21.02 kN-m. 
           -. End Moments (My2) =       50.01 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -21.02 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -21.02 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       17.63 kN-m. 
           -. End Moments (Mz2) =       42.51 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -17.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -17.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       164.814 kN-m. 
           -. Mrz        =       138.029 kN-m. 
           -. Mr         =       214.979 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.128  --->  O.K ! 
           -. Muz/Mrz    =   0.128  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2819.98 kN. 
           -. Vuz    =         84.09 kN. 
           -. Muy    =        -30.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.65 
 
           -. Vuy    =         33.76 kN. 
           -. Muz    =        -12.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.58 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       84.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1647.48 kN. 
           -. phiVcz    = phi * Vcz =     1482.74 kN. 
 
           -. Vuy       =       33.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1615.14 kN. 
           -. phiVcy    = phi * Vcy =     1453.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2298.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5501.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2298.85 kN. 
           -. phiVsz   = phi*Vsz =     2068.96 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2287.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5533.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2287.60 kN. 
           -. phiVsy   = phi*Vsy =     2058.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      90.620 kN. 
           -. Vr       =    3512.467 kN. 
           -. Ratio    = Vu / Vr = 0.026  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      100.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      100.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113231,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3131.03       -21.02        -4.87       -17.63        -4.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3131.03       -21.02        -4.87       -17.63        -4.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.87 kN-m. 
           -. End Moments (My2) =       21.02 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.00 kN-m. 
           -. End Moments (Mz2) =       17.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        37.982 kN-m. 
           -. Mrz        =        31.165 kN-m. 
           -. Mr         =        49.131 kN-m. 
           -. Pu/Pr      =   0.128  --->  O.K ! 
           -. Muy/Mry    =   0.128  --->  O.K ! 
           -. Muz/Mrz    =   0.128  --->  O.K ! 
           -. Mu/Mr      =   0.128  --->  O.K ! 
           -. Ratio      =   0.128  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2836.64 kN. 
           -. Vuz    =         46.78 kN. 
           -. Muy    =         -7.03 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.69 
 
           -. Vuy    =         18.55 kN. 
           -. Muz    =         -2.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       46.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1665.66 kN. 
           -. phiVcz    = phi * Vcz =     1499.09 kN. 
 
           -. Vuy       =       18.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1634.08 kN. 
           -. phiVcy    = phi * Vcy =     1470.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2305.01 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5482.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2305.01 kN. 
           -. phiVsz   = phi*Vsz =     2074.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2294.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5514.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2294.23 kN. 
           -. phiVsy   = phi*Vsy =     2064.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      50.326 kN. 
           -. Vr       =    3535.479 kN. 
           -. Ratio    = Vu / Vr = 0.014  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       55.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       55.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =113232,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3147.69        -4.87         0.00        -4.00         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3147.69        -4.87         0.00        -4.00         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        4.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        4.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.129  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.129  --->  O.K ! 
           -. Ratio      =   0.129  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2853.30 kN. 
           -. Vuz    =         14.07 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.65 
 
           -. Vuy    =          5.49 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.65 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1650.72 kN. 
           -. phiVcz    = phi * Vcz =     1485.65 kN. 
 
           -. Vuy       =        5.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1650.72 kN. 
           -. phiVcy    = phi * Vcy =     1485.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2299.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5497.77 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2299.95 kN. 
           -. phiVsz   = phi*Vsz =     2069.96 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2299.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5497.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2299.95 kN. 
           -. phiVsy   = phi*Vsy =     2069.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      15.103 kN. 
           -. Vr       =    3555.604 kN. 
           -. Ratio    = Vu / Vr = 0.004  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       16.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       16.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114102,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2890.89      -149.38      -324.96      -435.18      -752.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2890.89      -149.38      -324.96      -435.18      -752.14 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      149.38 kN-m. 
           -. End Moments (My2) =      324.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -324.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -324.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      435.18 kN-m. 
           -. End Moments (Mz2) =      752.14 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -752.14 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -752.14 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2721 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15036.950 kN. 
           -. Mry        =      1698.387 kN-m. 
           -. Mrz        =      3934.410 kN-m. 
           -. Mr         =      4285.335 kN-m. 
           -. Pu/Pr      =   0.192  --->  O.K ! 
           -. Muy/Mry    =   0.191  --->  O.K ! 
           -. Muz/Mrz    =   0.191  --->  O.K ! 
           -. Mu/Mr      =   0.192  --->  O.K ! 
           -. Ratio      =   0.192  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2511.75 kN. 
           -. Vuz    =        867.50 kN. 
           -. Muy    =       -480.04 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        536.33 kN. 
           -. Muz    =       -598.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      867.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1310.24 kN. 
           -. phiVcz    = phi * Vcz =     1179.22 kN. 
 
           -. Vuy       =      536.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1268.41 kN. 
           -. phiVcy    = phi * Vcy =     1141.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2160.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5838.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2160.19 kN. 
           -. phiVsz   = phi*Vsz =     1944.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2138.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5880.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2138.99 kN. 
           -. phiVsy   = phi*Vsy =     1925.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1019.909 kN. 
           -. Vr       =    3066.655 kN. 
           -. Ratio    = Vu / Vr = 0.333  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1133.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1133.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114103,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2907.63      -324.96      -542.77      -752.14     -1046.20 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2907.63      -324.96      -542.77      -752.14     -1046.20 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      324.96 kN-m. 
           -. End Moments (My2) =      542.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -542.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -542.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      752.14 kN-m. 
           -. End Moments (Mz2) =     1046.20 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1046.20 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1046.20 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11488.083 kN. 
           -. Mry        =      2164.642 kN-m. 
           -. Mrz        =      4163.662 kN-m. 
           -. Mr         =      4692.734 kN-m. 
           -. Pu/Pr      =   0.253  --->  O.K ! 
           -. Muy/Mry    =   0.251  --->  O.K ! 
           -. Muz/Mrz    =   0.251  --->  O.K ! 
           -. Mu/Mr      =   0.253  --->  O.K ! 
           -. Ratio      =   0.253  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2528.47 kN. 
           -. Vuz    =        772.34 kN. 
           -. Muy    =       -830.33 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.84 
 
           -. Vuy    =        474.84 kN. 
           -. Muz    =       -767.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      772.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1281.93 kN. 
           -. phiVcz    = phi * Vcz =     1153.74 kN. 
 
           -. Vuy       =      474.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1239.70 kN. 
           -. phiVcy    = phi * Vcy =     1115.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2145.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5866.55 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2145.96 kN. 
           -. phiVsz   = phi*Vsz =     1931.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2123.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5908.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2123.79 kN. 
           -. phiVsy   = phi*Vsy =     1911.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     906.632 kN. 
           -. Vr       =    3027.141 kN. 
           -. Ratio    = Vu / Vr = 0.300  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1007.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1007.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114104,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -315.99       525.68       730.52       990.81      1269.32 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -315.99       525.68       730.52       990.81      1269.32 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1016.818 kN. 
           -. Mry        =      2332.865 kN-m. 
           -. Mrz        =      4055.767 kN-m. 
           -. Mr         =      4678.836 kN-m. 
           -. Pu/Pr      =   0.311  --->  O.K ! 
           -. Muy/Mry    =   0.313  --->  O.K ! 
           -. Muz/Mrz    =   0.313  --->  O.K ! 
           -. Mu/Mr      =   0.313  --->  O.K ! 
           -. Ratio      =   0.313  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2545.18 kN. 
           -. Vuz    =        677.77 kN. 
           -. Muy    =      -1137.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        414.04 kN. 
           -. Muz    =       -925.38 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      677.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1240.44 kN. 
           -. phiVcz    = phi * Vcz =     1116.40 kN. 
 
           -. Vuy       =      414.04 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1197.72 kN. 
           -. phiVcy    = phi * Vcy =     1077.95 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2124.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5908.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2124.20 kN. 
           -. phiVsz   = phi*Vsz =     1911.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2100.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5950.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2100.57 kN. 
           -. phiVsy   = phi*Vsy =     1890.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     794.224 kN. 
           -. Vr       =    2968.467 kN. 
           -. Ratio    = Vu / Vr = 0.268  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      882.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      882.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114105,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -304.07       730.52       908.82      1269.32      1507.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -304.07       730.52       908.82      1269.32      1507.53 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -810.545 kN. 
           -. Mry        =      2436.212 kN-m. 
           -. Mrz        =      4049.209 kN-m. 
           -. Mr         =      4725.592 kN-m. 
           -. Pu/Pr      =   0.375  --->  O.K ! 
           -. Muy/Mry    =   0.373  --->  O.K ! 
           -. Muz/Mrz    =   0.372  --->  O.K ! 
           -. Mu/Mr      =   0.375  --->  O.K ! 
           -. Ratio      =   0.375  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2561.89 kN. 
           -. Vuz    =        584.77 kN. 
           -. Muy    =      -1403.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =        354.56 kN. 
           -. Muz    =      -1062.08 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.58 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      584.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1207.83 kN. 
           -. phiVcz    = phi * Vcz =     1087.04 kN. 
 
           -. Vuy       =      354.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1164.82 kN. 
           -. phiVcy    = phi * Vcy =     1048.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2106.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5940.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2106.28 kN. 
           -. phiVsz   = phi*Vsz =     1895.65 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2081.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5983.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2081.48 kN. 
           -. phiVsy   = phi*Vsy =     1873.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     683.868 kN. 
           -. Vr       =    2921.669 kN. 
           -. Ratio    = Vu / Vr = 0.234  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      759.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      759.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0028 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0028 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -292.16       908.82      1059.68      1507.53      1705.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -292.16       908.82      1059.68      1507.53      1705.79 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -686.733 kN. 
           -. Mry        =      2508.115 kN-m. 
           -. Mrz        =      4040.002 kN-m. 
           -. Mr         =      4755.235 kN-m. 
           -. Pu/Pr      =   0.425  --->  O.K ! 
           -. Muy/Mry    =   0.423  --->  O.K ! 
           -. Muz/Mrz    =   0.422  --->  O.K ! 
           -. Mu/Mr      =   0.425  --->  O.K ! 
           -. Ratio      =   0.425  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2578.59 kN. 
           -. Vuz    =        494.41 kN. 
           -. Muy    =      -1626.85 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =        297.14 kN. 
           -. Muz    =      -1175.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      494.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1183.26 kN. 
           -. phiVcz    = phi * Vcz =     1064.93 kN. 
 
           -. Vuy       =      297.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1140.09 kN. 
           -. phiVcy    = phi * Vcy =     1026.08 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5965.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.28 kN. 
           -. phiVsz   = phi*Vsz =     1883.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2066.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6008.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2066.57 kN. 
           -. phiVsy   = phi*Vsy =     1859.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     576.828 kN. 
           -. Vr       =    2885.991 kN. 
           -. Ratio    = Vu / Vr = 0.200  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      640.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      640.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -280.24      1059.68      1183.76      1705.79      1868.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -280.24      1059.68      1183.76      1705.79      1868.10 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -610.491 kN. 
           -. Mry        =      2555.054 kN-m. 
           -. Mrz        =      4032.299 kN-m. 
           -. Mr         =      4773.651 kN-m. 
           -. Pu/Pr      =   0.459  --->  O.K ! 
           -. Muy/Mry    =   0.463  --->  O.K ! 
           -. Muz/Mrz    =   0.463  --->  O.K ! 
           -. Mu/Mr      =   0.463  --->  O.K ! 
           -. Ratio      =   0.463  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2595.30 kN. 
           -. Vuz    =        407.68 kN. 
           -. Muy    =      -1809.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
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           -. Vuy    =        242.46 kN. 
           -. Muz    =      -1268.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      407.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1165.45 kN. 
           -. phiVcz    = phi * Vcz =     1048.90 kN. 
 
           -. Vuy       =      242.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1122.19 kN. 
           -. phiVcy    = phi * Vcy =     1009.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2081.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5983.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2081.85 kN. 
           -. phiVsz   = phi*Vsz =     1873.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2055.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6026.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2055.47 kN. 
           -. phiVsy   = phi*Vsy =     1849.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     474.329 kN. 
           -. Vr       =    2859.890 kN. 
           -. Ratio    = Vu / Vr = 0.166  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      527.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      527.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114108,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -268.32      1183.76      1292.35      1868.10      1994.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -268.32      1183.76      1292.35      1868.10      1994.26 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2744 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -542.793 kN. 
           -. Mry        =      2605.852 kN-m. 
           -. Mrz        =      4019.352 kN-m. 
           -. Mr         =      4790.162 kN-m. 
           -. Pu/Pr      =   0.494  --->  O.K ! 
           -. Muy/Mry    =   0.496  --->  O.K ! 
           -. Muz/Mrz    =   0.496  --->  O.K ! 
           -. Mu/Mr      =   0.496  --->  O.K ! 
           -. Ratio      =   0.496  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2612.00 kN. 
           -. Vuz    =        325.61 kN. 
           -. Muy    =      -1964.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.55 
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           -. Vuy    =        191.31 kN. 
           -. Muz    =      -1340.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.46 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      325.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1152.44 kN. 
           -. phiVcz    = phi * Vcz =     1037.20 kN. 
 
           -. Vuy       =      191.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1109.13 kN. 
           -. phiVcy    = phi * Vcy =      998.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2074.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5996.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2074.07 kN. 
           -. phiVsz   = phi*Vsz =     1866.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2047.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6039.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2047.19 kN. 
           -. phiVsy   = phi*Vsy =     1842.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     377.654 kN. 
           -. Vr       =    2840.692 kN. 
           -. Ratio    = Vu / Vr = 0.133  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      419.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      419.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114109,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -256.39      1292.35      1376.60      1994.26      2087.71 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -256.39      1292.35      1376.60      1994.26      2087.71 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -490.837 kN. 
           -. Mry        =      2645.244 kN-m. 
           -. Mrz        =      4008.889 kN-m. 
           -. Mr         =      4802.968 kN-m. 
           -. Pu/Pr      =   0.522  --->  O.K ! 
           -. Muy/Mry    =   0.520  --->  O.K ! 
           -. Muz/Mrz    =   0.521  --->  O.K ! 
           -. Mu/Mr      =   0.522  --->  O.K ! 
           -. Ratio      =   0.522  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2628.70 kN. 
           -. Vuz    =        249.16 kN. 
           -. Muy    =      -2082.33 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.53 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        144.64 kN. 
           -. Muz    =      -1391.94 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      249.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1144.51 kN. 
           -. phiVcz    = phi * Vcz =     1030.06 kN. 
 
           -. Vuy       =      144.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1101.18 kN. 
           -. phiVcy    = phi * Vcy =      991.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2069.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6003.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2069.27 kN. 
           -. phiVsz   = phi*Vsz =     1862.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2042.09 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6047.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2042.09 kN. 
           -. phiVsy   = phi*Vsy =     1837.88 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     288.097 kN. 
           -. Vr       =    2828.938 kN. 
           -. Ratio    = Vu / Vr = 0.102  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2750 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      320.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      320.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114110,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -244.47      1376.60      1430.79      2087.71      2142.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -244.47      1376.60      1430.79      2087.71      2142.72 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -454.139 kN. 
           -. Mry        =      2673.761 kN-m. 
           -. Mrz        =      4000.901 kN-m. 
           -. Mr         =      4812.090 kN-m. 
           -. Pu/Pr      =   0.538  --->  O.K ! 
           -. Muy/Mry    =   0.535  --->  O.K ! 
           -. Muz/Mrz    =   0.536  --->  O.K ! 
           -. Mu/Mr      =   0.538  --->  O.K ! 
           -. Ratio      =   0.538  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2645.40 kN. 
           -. Vuz    =        157.56 kN. 
           -. Muy    =      -2156.02 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.54 
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           -. Vuy    =         91.42 kN. 
           -. Muz    =      -1420.68 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      157.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1145.49 kN. 
           -. phiVcz    = phi * Vcz =     1030.94 kN. 
 
           -. Vuy       =       91.42 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1102.16 kN. 
           -. phiVcy    = phi * Vcy =      991.94 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2069.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6003.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2069.87 kN. 
           -. phiVsz   = phi*Vsz =     1862.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2042.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6046.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2042.72 kN. 
           -. phiVsy   = phi*Vsy =     1838.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     182.162 kN. 
           -. Vr       =    2830.389 kN. 
           -. Ratio    = Vu / Vr = 0.064  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      202.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      202.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0041 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114111,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -244.53      1430.79      1445.31      2142.72      2143.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -244.53      1430.79      1445.31      2142.72      2143.04 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -454.139 kN. 
           -. Mry        =      2673.761 kN-m. 
           -. Mrz        =      4000.901 kN-m. 
           -. Mr         =      4812.090 kN-m. 
           -. Pu/Pr      =   0.538  --->  O.K ! 
           -. Muy/Mry    =   0.535  --->  O.K ! 
           -. Muz/Mrz    =   0.536  --->  O.K ! 
           -. Mu/Mr      =   0.538  --->  O.K ! 
           -. Ratio      =   0.538  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2662.10 kN. 
           -. Vuz    =         38.23 kN. 
           -. Muy    =      -2171.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
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           -. Vuy    =         47.58 kN. 
           -. Muz    =      -1414.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.47 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       38.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1157.85 kN. 
           -. phiVcz    = phi * Vcz =     1042.07 kN. 
 
           -. Vuy       =       47.58 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1114.56 kN. 
           -. phiVcy    = phi * Vcy =     1003.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2077.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5990.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2077.33 kN. 
           -. phiVsz   = phi*Vsz =     1869.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2050.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6033.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2050.65 kN. 
           -. phiVsy   = phi*Vsy =     1845.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      61.031 kN. 
           -. Vr       =    2848.697 kN. 
           -. Ratio    = Vu / Vr = 0.021  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       67.81 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       67.81 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114112,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -232.59      1445.31      1424.81      2143.04      2095.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -232.59      1445.31      1424.81      2143.04      2095.53 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -432.510 kN. 
           -. Mry        =      2695.340 kN-m. 
           -. Mrz        =      3992.997 kN-m. 
           -. Mr         =      4817.560 kN-m. 
           -. Pu/Pr      =   0.538  --->  O.K ! 
           -. Muy/Mry    =   0.536  --->  O.K ! 
           -. Muz/Mrz    =   0.537  --->  O.K ! 
           -. Mu/Mr      =   0.538  --->  O.K ! 
           -. Ratio      =   0.538  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3041.51 kN. 
           -. Vuz    =         54.20 kN. 
           -. Muy    =      -1404.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.52 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2761 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        113.86 kN. 
           -. Muz    =      -2096.05 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       54.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1136.69 kN. 
           -. phiVcz    = phi * Vcz =     1023.02 kN. 
 
           -. Vuy       =      113.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1093.34 kN. 
           -. phiVcy    = phi * Vcy =      984.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2064.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6011.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2064.48 kN. 
           -. phiVsz   = phi*Vsz =     1858.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2036.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6055.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2036.99 kN. 
           -. phiVsy   = phi*Vsy =     1833.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     126.103 kN. 
           -. Vr       =    2817.298 kN. 
           -. Ratio    = Vu / Vr = 0.045  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2762 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      140.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      140.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -220.66      1424.81      1374.60      2095.53      2007.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -220.66      1424.81      1374.60      2095.53      2007.90 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -418.361 kN. 
           -. Mry        =      2712.564 kN-m. 
           -. Mrz        =      3985.731 kN-m. 
           -. Mr         =      4821.209 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.525  --->  O.K ! 
           -. Muz/Mrz    =   0.526  --->  O.K ! 
           -. Mu/Mr      =   0.527  --->  O.K ! 
           -. Ratio      =   0.527  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3058.22 kN. 
           -. Vuz    =        106.19 kN. 
           -. Muy    =      -1382.37 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =        185.37 kN. 
           -. Muz    =      -2044.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      106.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1132.91 kN. 
           -. phiVcz    = phi * Vcz =     1019.62 kN. 
 
           -. Vuy       =      185.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1089.55 kN. 
           -. phiVcy    = phi * Vcy =      980.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2062.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6015.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2062.15 kN. 
           -. phiVsz   = phi*Vsz =     1855.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2034.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6058.94 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2034.51 kN. 
           -. phiVsy   = phi*Vsy =     1831.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     213.633 kN. 
           -. Vr       =    2811.655 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      237.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      237.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0032 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -208.72      1374.60      1300.30      2007.90      1888.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -208.72      1374.60      1300.30      2007.90      1888.33 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -411.658 kN. 
           -. Mry        =      2726.378 kN-m. 
           -. Mrz        =      3978.520 kN-m. 
           -. Mr         =      4823.045 kN-m. 
           -. Pu/Pr      =   0.507  --->  O.K ! 
           -. Muy/Mry    =   0.504  --->  O.K ! 
           -. Muz/Mrz    =   0.505  --->  O.K ! 
           -. Mu/Mr      =   0.507  --->  O.K ! 
           -. Ratio      =   0.507  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3074.93 kN. 
           -. Vuz    =        148.50 kN. 
           -. Muy    =      -1331.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.52 
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           -. Vuy    =        242.39 kN. 
           -. Muz    =      -1954.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      148.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1137.60 kN. 
           -. phiVcz    = phi * Vcz =     1023.84 kN. 
 
           -. Vuy       =      242.39 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1094.25 kN. 
           -. phiVcy    = phi * Vcy =      984.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2065.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6010.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2065.04 kN. 
           -. phiVsz   = phi*Vsz =     1858.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2037.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6054.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2037.59 kN. 
           -. phiVsy   = phi*Vsy =     1833.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     284.262 kN. 
           -. Vr       =    2818.655 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      315.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      315.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -196.77      1300.30      1207.71      1888.33      1745.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -196.77      1300.30      1207.71      1888.33      1745.13 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -412.386 kN. 
           -. Mry        =      2737.351 kN-m. 
           -. Mrz        =      3971.013 kN-m. 
           -. Mr         =      4823.073 kN-m. 
           -. Pu/Pr      =   0.477  --->  O.K ! 
           -. Muy/Mry    =   0.475  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.477  --->  O.K ! 
           -. Ratio      =   0.477  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2712.21 kN. 
           -. Vuz    =        281.89 kN. 
           -. Muy    =      -1941.34 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
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           -. Vuy    =        193.53 kN. 
           -. Muz    =      -1235.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      281.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1161.57 kN. 
           -. phiVcz    = phi * Vcz =     1045.41 kN. 
 
           -. Vuy       =      193.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1118.29 kN. 
           -. phiVcy    = phi * Vcy =     1006.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2079.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5986.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2079.54 kN. 
           -. phiVsz   = phi*Vsz =     1871.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2053.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6030.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2053.01 kN. 
           -. phiVsy   = phi*Vsy =     1847.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     341.929 kN. 
           -. Vr       =    2854.173 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      379.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      379.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -184.83      1207.71      1102.91      1745.13      1586.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -184.83      1207.71      1102.91      1745.13      1586.91 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -420.539 kN. 
           -. Mry        =      2745.794 kN-m. 
           -. Mrz        =      3963.015 kN-m. 
           -. Mr         =      4821.294 kN-m. 
           -. Pu/Pr      =   0.440  --->  O.K ! 
           -. Muy/Mry    =   0.440  --->  O.K ! 
           -. Muz/Mrz    =   0.440  --->  O.K ! 
           -. Mu/Mr      =   0.440  --->  O.K ! 
           -. Ratio      =   0.440  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2728.90 kN. 
           -. Vuz    =        316.64 kN. 
           -. Muy    =      -1800.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.61 
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           -. Vuy    =        210.66 kN. 
           -. Muz    =      -1139.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      316.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1180.49 kN. 
           -. phiVcz    = phi * Vcz =     1062.44 kN. 
 
           -. Vuy       =      210.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1137.31 kN. 
           -. phiVcy    = phi * Vcy =     1023.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2090.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5968.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2090.67 kN. 
           -. phiVsz   = phi*Vsz =     1881.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2064.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6011.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2064.86 kN. 
           -. phiVsy   = phi*Vsy =     1858.37 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     380.312 kN. 
           -. Vr       =    2881.947 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      422.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      422.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114117,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -172.88      1102.91       991.86      1586.91      1421.90 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -172.88      1102.91       991.86      1586.91      1421.90 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -428.632 kN. 
           -. Mry        =      2752.860 kN-m. 
           -. Mrz        =      3955.939 kN-m. 
           -. Mr         =      4819.511 kN-m. 
           -. Pu/Pr      =   0.403  --->  O.K ! 
           -. Muy/Mry    =   0.401  --->  O.K ! 
           -. Muz/Mrz    =   0.401  --->  O.K ! 
           -. Mu/Mr      =   0.403  --->  O.K ! 
           -. Ratio      =   0.403  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2745.58 kN. 
           -. Vuz    =        333.90 kN. 
           -. Muy    =      -1642.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =        218.14 kN. 
           -. Muz    =      -1034.46 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      333.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1205.67 kN. 
           -. phiVcz    = phi * Vcz =     1085.10 kN. 
 
           -. Vuy       =      218.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1162.65 kN. 
           -. phiVcy    = phi * Vcy =     1046.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2105.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5942.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2105.07 kN. 
           -. phiVsz   = phi*Vsz =     1894.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2080.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5985.84 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2080.19 kN. 
           -. phiVsy   = phi*Vsy =     1872.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     398.838 kN. 
           -. Vr       =    2918.553 kN. 
           -. Ratio    = Vu / Vr = 0.137  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      443.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      443.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0024 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114118,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -160.93       991.86       878.93      1421.90      1256.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -160.93       991.86       878.93      1421.90      1256.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -444.164 kN. 
           -. Mry        =      2757.850 kN-m. 
           -. Mrz        =      3948.079 kN-m. 
           -. Mr         =      4815.918 kN-m. 
           -. Pu/Pr      =   0.362  --->  O.K ! 
           -. Muy/Mry    =   0.360  --->  O.K ! 
           -. Muz/Mrz    =   0.360  --->  O.K ! 
           -. Mu/Mr      =   0.362  --->  O.K ! 
           -. Ratio      =   0.362  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2762.27 kN. 
           -. Vuz    =        338.23 kN. 
           -. Muy    =      -1475.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
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           -. Vuy    =        217.87 kN. 
           -. Muz    =       -925.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      338.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1235.55 kN. 
           -. phiVcz    = phi * Vcz =     1112.00 kN. 
 
           -. Vuy       =      217.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1192.79 kN. 
           -. phiVcy    = phi * Vcy =     1073.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2121.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5912.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2121.56 kN. 
           -. phiVsz   = phi*Vsz =     1909.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2097.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5955.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2097.76 kN. 
           -. phiVsy   = phi*Vsy =     1887.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     402.332 kN. 
           -. Vr       =    2961.495 kN. 
           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      447.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      447.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114119,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -148.97       878.93       767.70      1256.18      1094.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -148.97       878.93       767.70      1256.18      1094.66 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -467.140 kN. 
           -. Mry        =      2760.720 kN-m. 
           -. Mrz        =      3939.466 kN-m. 
           -. Mr         =      4810.506 kN-m. 
           -. Pu/Pr      =   0.319  --->  O.K ! 
           -. Muy/Mry    =   0.318  --->  O.K ! 
           -. Muz/Mrz    =   0.319  --->  O.K ! 
           -. Mu/Mr      =   0.319  --->  O.K ! 
           -. Ratio      =   0.319  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2778.95 kN. 
           -. Vuz    =        332.12 kN. 
           -. Muy    =      -1306.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
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           -. Vuy    =        211.40 kN. 
           -. Muz    =       -816.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.72 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      332.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1269.05 kN. 
           -. phiVcz    = phi * Vcz =     1142.15 kN. 
 
           -. Vuy       =      211.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1226.65 kN. 
           -. phiVcy    = phi * Vcy =     1103.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2139.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5879.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2139.32 kN. 
           -. phiVsz   = phi*Vsz =     1925.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2116.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5921.84 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2116.71 kN. 
           -. phiVsy   = phi*Vsy =     1905.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     393.689 kN. 
           -. Vr       =    3009.024 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      437.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      437.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114120,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2795.63     -1139.99      -978.67      -710.97      -609.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2795.63     -1139.99      -978.67      -710.97      -609.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      978.67 kN-m. 
           -. End Moments (My2) =     1139.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1139.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1139.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      609.02 kN-m. 
           -. End Moments (Mz2) =      710.97 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -710.97 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -710.97 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9994.178 kN. 
           -. Mry        =      4098.909 kN-m. 
           -. Mrz        =      2562.766 kN-m. 
           -. Mr         =      4834.131 kN-m. 
           -. Pu/Pr      =   0.280  --->  O.K ! 
           -. Muy/Mry    =   0.278  --->  O.K ! 
           -. Muz/Mrz    =   0.277  --->  O.K ! 
           -. Mu/Mr      =   0.280  --->  O.K ! 
           -. Ratio      =   0.280  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2795.63 kN. 
           -. Vuz    =        322.65 kN. 
           -. Muy    =      -1139.99 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
 
           -. Vuy    =        203.93 kN. 
           -. Muz    =       -710.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      322.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1304.16 kN. 
           -. phiVcz    = phi * Vcz =     1173.75 kN. 
 
           -. Vuy       =      203.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1262.24 kN. 
           -. phiVcy    = phi * Vcy =     1136.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2157.17 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5844.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2157.17 kN. 
           -. phiVsz   = phi*Vsz =     1941.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2135.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5886.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2135.77 kN. 
           -. phiVsy   = phi*Vsy =     1922.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     381.691 kN. 
           -. Vr       =    3058.203 kN. 
           -. Ratio    = Vu / Vr = 0.125  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      424.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      424.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114121,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2812.30      -978.67      -817.30      -609.02      -507.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2812.30      -978.67      -817.30      -609.02      -507.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      817.30 kN-m. 
           -. End Moments (My2) =      978.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -978.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -978.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      507.03 kN-m. 
           -. End Moments (Mz2) =      609.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -609.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -609.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11490.992 kN. 
           -. Mry        =      3989.279 kN-m. 
           -. Mrz        =      2473.856 kN-m. 
           -. Mr         =      4694.071 kN-m. 
           -. Pu/Pr      =   0.245  --->  O.K ! 
           -. Muy/Mry    =   0.245  --->  O.K ! 
           -. Muz/Mrz    =   0.246  --->  O.K ! 
           -. Mu/Mr      =   0.246  --->  O.K ! 
           -. Ratio      =   0.246  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2812.30 kN. 
           -. Vuz    =        322.80 kN. 
           -. Muy    =       -978.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
 
           -. Vuy    =        204.03 kN. 
           -. Muz    =       -609.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.87 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      322.80 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1338.13 kN. 
           -. phiVcz    = phi * Vcz =     1204.32 kN. 
 
           -. Vuy       =      204.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1296.75 kN. 
           -. phiVcy    = phi * Vcy =     1167.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2173.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5810.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2173.74 kN. 
           -. phiVsz   = phi*Vsz =     1956.37 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2153.47 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5851.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2153.47 kN. 
           -. phiVsy   = phi*Vsy =     1938.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     381.870 kN. 
           -. Vr       =    3105.195 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      424.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      424.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114122,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3208.48      -531.34      -427.71      -754.26      -604.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3208.48      -531.34      -427.71      -754.26      -604.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      427.71 kN-m. 
           -. End Moments (My2) =      531.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -531.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -531.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      604.43 kN-m. 
           -. End Moments (Mz2) =      754.26 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -754.26 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -754.26 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14955.945 kN. 
           -. Mry        =      2477.929 kN-m. 
           -. Mrz        =      3508.661 kN-m. 
           -. Mr         =      4295.444 kN-m. 
           -. Pu/Pr      =   0.215  --->  O.K ! 
           -. Muy/Mry    =   0.214  --->  O.K ! 
           -. Muz/Mrz    =   0.215  --->  O.K ! 
           -. Mu/Mr      =   0.215  --->  O.K ! 
           -. Ratio      =   0.215  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2828.98 kN. 
           -. Vuz    =        319.47 kN. 
           -. Muy    =       -817.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        201.70 kN. 
           -. Muz    =       -507.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      319.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1374.66 kN. 
           -. phiVcz    = phi * Vcz =     1237.20 kN. 
 
           -. Vuy       =      201.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1333.97 kN. 
           -. phiVcy    = phi * Vcy =     1200.57 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2190.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5773.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2190.83 kN. 
           -. phiVsz   = phi*Vsz =     1971.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2171.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5814.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2171.74 kN. 
           -. phiVsy   = phi*Vsy =     1954.57 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     377.813 kN. 
           -. Vr       =    3155.139 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      419.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      419.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114123,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3225.17      -427.71      -330.13      -604.43      -464.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3225.17      -427.71      -330.13      -604.43      -464.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      330.13 kN-m. 
           -. End Moments (My2) =      427.71 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -427.71 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -427.71 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      464.03 kN-m. 
           -. End Moments (Mz2) =      604.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -604.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -604.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17159.606 kN. 
           -. Mry        =      2292.667 kN-m. 
           -. Mrz        =      3231.406 kN-m. 
           -. Mr         =      3962.109 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.187  --->  O.K ! 
           -. Muz/Mrz    =   0.187  --->  O.K ! 
           -. Mu/Mr      =   0.188  --->  O.K ! 
           -. Ratio      =   0.188  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2845.65 kN. 
           -. Vuz    =        300.66 kN. 
           -. Muy    =       -657.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.48 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.13 
 
           -. Vuy    =        188.93 kN. 
           -. Muz    =       -406.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.05 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      300.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1416.23 kN. 
           -. phiVcz    = phi * Vcz =     1274.61 kN. 
 
           -. Vuy       =      188.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1376.44 kN. 
           -. phiVcy    = phi * Vcy =     1238.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2209.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5732.25 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2209.43 kN. 
           -. phiVsz   = phi*Vsz =     1988.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2191.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5772.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2191.65 kN. 
           -. phiVsy   = phi*Vsy =     1972.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     355.095 kN. 
           -. Vr       =    3211.280 kN. 
           -. Ratio    = Vu / Vr = 0.111  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      394.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      394.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114124,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3241.84      -330.13      -238.77      -464.03      -333.15 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3241.84      -330.13      -238.77      -464.03      -333.15 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      238.77 kN-m. 
           -. End Moments (My2) =      330.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -330.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -330.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      333.15 kN-m. 
           -. End Moments (Mz2) =      464.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -464.03 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -464.03 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     19741.003 kN. 
           -. Mry        =      2002.458 kN-m. 
           -. Mrz        =      2827.614 kN-m. 
           -. Mr         =      3464.857 kN-m. 
           -. Pu/Pr      =   0.164  --->  O.K ! 
           -. Muy/Mry    =   0.165  --->  O.K ! 
           -. Muz/Mrz    =   0.164  --->  O.K ! 
           -. Mu/Mr      =   0.165  --->  O.K ! 
           -. Ratio      =   0.165  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2862.32 kN. 
           -. Vuz    =        281.37 kN. 
           -. Muy    =       -507.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.23 
 
           -. Vuy    =        176.08 kN. 
           -. Muz    =       -311.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.14 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      281.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1457.93 kN. 
           -. phiVcz    = phi * Vcz =     1312.13 kN. 
 
           -. Vuy       =      176.08 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1419.17 kN. 
           -. phiVcy    = phi * Vcy =     1277.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2227.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5690.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2227.23 kN. 
           -. phiVsz   = phi*Vsz =     2004.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2210.71 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5729.32 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2210.71 kN. 
           -. phiVsy   = phi*Vsy =     1989.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     331.923 kN. 
           -. Vr       =    3266.895 kN. 
           -. Ratio    = Vu / Vr = 0.102  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      368.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      368.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114125,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3258.52      -238.77      -159.64      -333.15      -220.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3258.52      -238.77      -159.64      -333.15      -220.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      159.64 kN-m. 
           -. End Moments (My2) =      238.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -238.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -238.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      220.67 kN-m. 
           -. End Moments (Mz2) =      333.15 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -333.15 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -333.15 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     22309.114 kN. 
           -. Mry        =      1642.807 kN-m. 
           -. Mrz        =      2297.678 kN-m. 
           -. Mr         =      2824.560 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2878.99 kN. 
           -. Vuz    =        243.47 kN. 
           -. Muy    =       -366.61 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.33 
 
           -. Vuy    =        151.25 kN. 
           -. Muz    =       -223.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      243.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1503.95 kN. 
           -. phiVcz    = phi * Vcz =     1353.56 kN. 
 
           -. Vuy       =      151.25 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1466.50 kN. 
           -. phiVcy    = phi * Vcy =     1319.85 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2245.95 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5644.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2245.95 kN. 
           -. phiVsz   = phi*Vsz =     2021.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2230.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5681.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2230.79 kN. 
           -. phiVsy   = phi*Vsy =     2007.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     286.622 kN. 
           -. Vr       =    3327.558 kN. 
           -. Ratio    = Vu / Vr = 0.086  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      318.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      318.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114126,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3291.84      -159.64       -98.01      -220.67      -134.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3291.84      -159.64       -98.01      -220.67      -134.08 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       98.01 kN-m. 
           -. End Moments (My2) =      159.64 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -98.01 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -98.01 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      134.08 kN-m. 
           -. End Moments (Mz2) =      220.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -134.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -134.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       727.455 kN-m. 
           -. Mrz        =       993.383 kN-m. 
           -. Mr         =      1231.260 kN-m. 
           -. Pu/Pr      =   0.135  --->  O.K ! 
           -. Muy/Mry    =   0.135  --->  O.K ! 
           -. Muz/Mrz    =   0.135  --->  O.K ! 
           -. Mu/Mr      =   0.135  --->  O.K ! 
           -. Ratio      =   0.135  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2895.65 kN. 
           -. Vuz    =        189.41 kN. 
           -. Muy    =       -244.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =        116.37 kN. 
           -. Muz    =       -148.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.01 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      189.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1551.39 kN. 
           -. phiVcz    = phi * Vcz =     1396.25 kN. 
 
           -. Vuy       =      116.37 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1515.45 kN. 
           -. phiVcy    = phi * Vcy =     1363.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2264.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5597.09 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2264.31 kN. 
           -. phiVsz   = phi*Vsz =     2037.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2250.49 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5633.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2250.49 kN. 
           -. phiVsy   = phi*Vsy =     2025.44 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     222.304 kN. 
           -. Vr       =    3389.347 kN. 
           -. Ratio    = Vu / Vr = 0.066  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      247.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      247.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114127,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3308.51       -98.01       -52.67      -134.08       -71.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3308.51       -98.01       -52.67      -134.08       -71.21 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       52.67 kN-m. 
           -. End Moments (My2) =       98.01 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -52.67 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -52.67 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       71.21 kN-m. 
           -. End Moments (Mz2) =      134.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -71.21 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -71.21 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       389.026 kN-m. 
           -. Mrz        =       524.859 kN-m. 
           -. Mr         =       653.313 kN-m. 
           -. Pu/Pr      =   0.136  --->  O.K ! 
           -. Muy/Mry    =   0.135  --->  O.K ! 
           -. Muz/Mrz    =   0.136  --->  O.K ! 
           -. Mu/Mr      =   0.136  --->  O.K ! 
           -. Ratio      =   0.136  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2912.32 kN. 
           -. Vuz    =        139.15 kN. 
           -. Muy    =       -150.17 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.52 
 
           -. Vuy    =         84.45 kN. 
           -. Muz    =        -90.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.45 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      139.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1592.11 kN. 
           -. phiVcz    = phi * Vcz =     1432.90 kN. 
 
           -. Vuy       =       84.45 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1557.60 kN. 
           -. phiVcy    = phi * Vcy =     1401.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2279.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5556.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2279.36 kN. 
           -. phiVsz   = phi*Vsz =     2051.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2266.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5590.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2266.65 kN. 
           -. phiVsy   = phi*Vsy =     2039.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     162.768 kN. 
           -. Vr       =    3441.827 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      180.85 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      180.85 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114128,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3325.18       -52.67       -22.22       -71.21       -29.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3325.18       -52.67       -22.22       -71.21       -29.63 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       22.22 kN-m. 
           -. End Moments (My2) =       52.67 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -22.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -22.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       29.63 kN-m. 
           -. End Moments (Mz2) =       71.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -29.63 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -29.63 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       163.353 kN-m. 
           -. Mrz        =       217.231 kN-m. 
           -. Mr         =       271.797 kN-m. 
           -. Pu/Pr      =   0.136  --->  O.K ! 
           -. Muy/Mry    =   0.136  --->  O.K ! 
           -. Muz/Mrz    =   0.136  --->  O.K ! 
           -. Mu/Mr      =   0.136  --->  O.K ! 
           -. Ratio      =   0.136  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2945.63 kN. 
           -. Vuz    =         93.28 kN. 
           -. Muy    =        -33.95 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.59 
 
           -. Vuy    =         55.84 kN. 
           -. Muz    =        -19.89 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.52 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       93.28 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1623.21 kN. 
           -. phiVcz    = phi * Vcz =     1460.89 kN. 
 
           -. Vuy       =       55.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1589.89 kN. 
           -. phiVcy    = phi * Vcy =     1430.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2290.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5525.28 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2290.44 kN. 
           -. phiVsz   = phi*Vsz =     2061.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2278.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5558.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2278.56 kN. 
           -. phiVsy   = phi*Vsy =     2050.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     108.719 kN. 
           -. Vr       =    3481.605 kN. 
           -. Ratio    = Vu / Vr = 0.031  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      120.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      120.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3341.84       -22.22        -5.18       -29.63        -6.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3341.84       -22.22        -5.18       -29.63        -6.76 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.18 kN-m. 
           -. End Moments (My2) =       22.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        6.76 kN-m. 
           -. End Moments (Mz2) =       29.63 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -6.76 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -6.76 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        37.742 kN-m. 
           -. Mrz        =        49.402 kN-m. 
           -. Mr         =        62.169 kN-m. 
           -. Pu/Pr      =   0.137  --->  O.K ! 
           -. Muy/Mry    =   0.137  --->  O.K ! 
           -. Muz/Mrz    =   0.137  --->  O.K ! 
           -. Mu/Mr      =   0.137  --->  O.K ! 
           -. Ratio      =   0.137  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2962.29 kN. 
           -. Vuz    =         52.12 kN. 
           -. Muy    =         -7.89 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.64 
 
           -. Vuy    =         30.71 kN. 
           -. Muz    =         -4.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       52.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1644.77 kN. 
           -. phiVcz    = phi * Vcz =     1480.30 kN. 
 
           -. Vuy       =       30.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.32 kN. 
           -. phiVcy    = phi * Vcy =     1451.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2297.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5503.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2297.92 kN. 
           -. phiVsz   = phi*Vsz =     2068.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5536.17 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.60 kN. 
           -. phiVsy   = phi*Vsy =     2057.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      60.497 kN. 
           -. Vr       =    3509.029 kN. 
           -. Ratio    = Vu / Vr = 0.017  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       67.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       67.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114130,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3358.50        -5.18         0.00        -6.76         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3358.50        -5.18         0.00        -6.76         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        5.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        6.76 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.138  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.138  --->  O.K ! 
           -. Ratio      =   0.138  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2978.95 kN. 
           -. Vuz    =         15.78 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.61 
 
           -. Vuy    =          9.09 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1632.25 kN. 
           -. phiVcz    = phi * Vcz =     1469.02 kN. 
 
           -. Vuy       =        9.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1632.25 kN. 
           -. phiVcy    = phi * Vcy =     1469.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2293.59 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5516.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2293.59 kN. 
           -. phiVsz   = phi*Vsz =     2064.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2293.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5516.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2293.59 kN. 
           -. phiVsy   = phi*Vsy =     2064.23 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      18.209 kN. 
           -. Vr       =    3533.255 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       20.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       20.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114202,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -380.97       158.09       394.00       501.07       792.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -380.97       158.09       394.00       501.07       792.11 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1900.836 kN. 
           -. Mry        =      1980.630 kN-m. 
           -. Mrz        =      3978.092 kN-m. 
           -. Mr         =      4443.885 kN-m. 
           -. Pu/Pr      =   0.200  --->  O.K ! 
           -. Muy/Mry    =   0.199  --->  O.K ! 
           -. Muz/Mrz    =   0.199  --->  O.K ! 
           -. Mu/Mr      =   0.200  --->  O.K ! 
           -. Ratio      =   0.200  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2568.69 kN. 
           -. Vuz    =        876.07 kN. 
           -. Muy    =       -534.11 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
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           -. Vuy    =        521.05 kN. 
           -. Muz    =       -509.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.80 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      876.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1305.97 kN. 
           -. phiVcz    = phi * Vcz =     1175.37 kN. 
 
           -. Vuy       =      521.05 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1264.06 kN. 
           -. phiVcy    = phi * Vcy =     1137.66 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2158.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5842.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2158.07 kN. 
           -. phiVsz   = phi*Vsz =     1942.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2136.72 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5884.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2136.72 kN. 
           -. phiVsy   = phi*Vsy =     1923.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1019.312 kN. 
           -. Vr       =    3060.710 kN. 
           -. Ratio    = Vu / Vr = 0.333  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1132.57 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1132.57 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114203,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -369.07       394.00       631.99       792.11      1070.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -369.07       394.00       631.99       792.11      1070.82 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1364.651 kN. 
           -. Mry        =      2332.586 kN-m. 
           -. Mrz        =      3956.072 kN-m. 
           -. Mr         =      4592.544 kN-m. 
           -. Pu/Pr      =   0.270  --->  O.K ! 
           -. Muy/Mry    =   0.271  --->  O.K ! 
           -. Muz/Mrz    =   0.271  --->  O.K ! 
           -. Mu/Mr      =   0.271  --->  O.K ! 
           -. Ratio      =   0.271  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2585.40 kN. 
           -. Vuz    =        779.01 kN. 
           -. Muy    =       -886.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.83 
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           -. Vuy    =        461.14 kN. 
           -. Muz    =       -684.30 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.74 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      779.01 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1279.75 kN. 
           -. phiVcz    = phi * Vcz =     1151.78 kN. 
 
           -. Vuy       =      461.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1237.48 kN. 
           -. phiVcy    = phi * Vcy =     1113.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2144.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5868.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2144.84 kN. 
           -. phiVsz   = phi*Vsz =     1930.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2122.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5911.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2122.60 kN. 
           -. phiVsy   = phi*Vsy =     1910.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     905.270 kN. 
           -. Vr       =    3024.077 kN. 
           -. Ratio    = Vu / Vr = 0.299  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1005.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1005.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114204,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -357.17       631.99       842.92      1070.82      1320.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -357.17       631.99       842.92      1070.82      1320.89 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1071.486 kN. 
           -. Mry        =      2508.027 kN-m. 
           -. Mrz        =      3928.957 kN-m. 
           -. Mr         =      4661.212 kN-m. 
           -. Pu/Pr      =   0.333  --->  O.K ! 
           -. Muy/Mry    =   0.336  --->  O.K ! 
           -. Muz/Mrz    =   0.336  --->  O.K ! 
           -. Mu/Mr      =   0.336  --->  O.K ! 
           -. Ratio      =   0.336  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2602.12 kN. 
           -. Vuz    =        682.63 kN. 
           -. Muy    =      -1195.47 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
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           -. Vuy    =        401.92 kN. 
           -. Muz    =       -858.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      682.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1235.89 kN. 
           -. phiVcz    = phi * Vcz =     1112.30 kN. 
 
           -. Vuy       =      401.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1193.13 kN. 
           -. phiVcy    = phi * Vcy =     1073.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2121.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5912.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2121.74 kN. 
           -. phiVsz   = phi*Vsz =     1909.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2097.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5955.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2097.96 kN. 
           -. phiVsy   = phi*Vsy =     1888.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     792.163 kN. 
           -. Vr       =    2961.980 kN. 
           -. Ratio    = Vu / Vr = 0.267  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      880.18 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      880.18 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114205,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -345.26       842.92      1025.62      1320.89      1534.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -345.26       842.92      1025.62      1320.89      1534.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -887.562 kN. 
           -. Mry        =      2619.376 kN-m. 
           -. Mrz        =      3910.663 kN-m. 
           -. Mr         =      4706.848 kN-m. 
           -. Pu/Pr      =   0.389  --->  O.K ! 
           -. Muy/Mry    =   0.392  --->  O.K ! 
           -. Muz/Mrz    =   0.392  --->  O.K ! 
           -. Mu/Mr      =   0.392  --->  O.K ! 
           -. Ratio      =   0.392  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2618.83 kN. 
           -. Vuz    =        587.93 kN. 
           -. Muy    =      -1461.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.66 
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           -. Vuy    =        344.01 kN. 
           -. Muz    =      -1014.34 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      587.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1201.42 kN. 
           -. phiVcz    = phi * Vcz =     1081.28 kN. 
 
           -. Vuy       =      344.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1158.37 kN. 
           -. phiVcy    = phi * Vcy =     1042.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2102.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5947.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2102.67 kN. 
           -. phiVsz   = phi*Vsz =     1892.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2077.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5990.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2077.63 kN. 
           -. phiVsy   = phi*Vsy =     1869.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     681.179 kN. 
           -. Vr       =    2912.402 kN. 
           -. Ratio    = Vu / Vr = 0.234  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      756.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      756.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -333.35      1025.62      1179.47      1534.63      1711.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -333.35      1025.62      1179.47      1534.63      1711.62 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -752.700 kN. 
           -. Mry        =      2695.077 kN-m. 
           -. Mrz        =      3900.093 kN-m. 
           -. Mr         =      4740.693 kN-m. 
           -. Pu/Pr      =   0.443  --->  O.K ! 
           -. Muy/Mry    =   0.438  --->  O.K ! 
           -. Muz/Mrz    =   0.439  --->  O.K ! 
           -. Mu/Mr      =   0.443  --->  O.K ! 
           -. Ratio      =   0.443  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2635.54 kN. 
           -. Vuz    =        495.98 kN. 
           -. Muy    =      -1685.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.60 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        288.12 kN. 
           -. Muz    =      -1147.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.51 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      495.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1175.30 kN. 
           -. phiVcz    = phi * Vcz =     1057.77 kN. 
 
           -. Vuy       =      288.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1132.09 kN. 
           -. phiVcy    = phi * Vcy =     1018.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2087.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5973.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2087.65 kN. 
           -. phiVsz   = phi*Vsz =     1878.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2061.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6016.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2061.64 kN. 
           -. phiVsy   = phi*Vsy =     1855.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     573.592 kN. 
           -. Vr       =    2874.362 kN. 
           -. Ratio    = Vu / Vr = 0.200  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      637.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      637.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114207,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -321.43      1179.47      1305.38      1711.62      1854.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -321.43      1179.47      1305.38      1711.62      1854.05 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -679.561 kN. 
           -. Mry        =      2739.003 kN-m. 
           -. Mrz        =      3894.774 kN-m. 
           -. Mr         =      4761.450 kN-m. 
           -. Pu/Pr      =   0.473  --->  O.K ! 
           -. Muy/Mry    =   0.477  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.477  --->  O.K ! 
           -. Ratio      =   0.477  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2652.25 kN. 
           -. Vuz    =        407.79 kN. 
           -. Muy    =      -1868.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
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           -. Vuy    =        234.93 kN. 
           -. Muz    =      -1258.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.43 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.46 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      407.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1156.27 kN. 
           -. phiVcz    = phi * Vcz =     1040.64 kN. 
 
           -. Vuy       =      234.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1112.97 kN. 
           -. phiVcy    = phi * Vcy =     1001.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2076.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5992.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2076.38 kN. 
           -. phiVsz   = phi*Vsz =     1868.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2049.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6035.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2049.64 kN. 
           -. phiVsy   = phi*Vsy =     1844.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     470.627 kN. 
           -. Vr       =    2846.352 kN. 
           -. Ratio    = Vu / Vr = 0.165  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      522.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      522.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114208,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -309.51      1305.38      1413.69      1854.05      1963.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -309.51      1305.38      1413.69      1854.05      1963.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -607.820 kN. 
           -. Mry        =      2791.126 kN-m. 
           -. Mrz        =      3880.422 kN-m. 
           -. Mr         =      4779.964 kN-m. 
           -. Pu/Pr      =   0.509  --->  O.K ! 
           -. Muy/Mry    =   0.506  --->  O.K ! 
           -. Muz/Mrz    =   0.506  --->  O.K ! 
           -. Mu/Mr      =   0.509  --->  O.K ! 
           -. Ratio      =   0.509  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2668.95 kN. 
           -. Vuz    =        324.43 kN. 
           -. Muy    =      -2021.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.53 
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           -. Vuy    =        185.23 kN. 
           -. Muz    =      -1347.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.43 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      324.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1142.25 kN. 
           -. phiVcz    = phi * Vcz =     1028.03 kN. 
 
           -. Vuy       =      185.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1098.91 kN. 
           -. phiVcy    = phi * Vcy =      989.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2067.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6006.23 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2067.89 kN. 
           -. phiVsz   = phi*Vsz =     1861.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2040.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6049.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2040.62 kN. 
           -. phiVsy   = phi*Vsy =     1836.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     373.586 kN. 
           -. Vr       =    2825.579 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      415.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      415.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114209,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -297.59      1413.69      1496.37      1963.29      2043.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -297.59      1413.69      1496.37      1963.29      2043.84 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -566.112 kN. 
           -. Mry        =      2828.276 kN-m. 
           -. Mrz        =      3867.149 kN-m. 
           -. Mr         =      4791.032 kN-m. 
           -. Pu/Pr      =   0.526  --->  O.K ! 
           -. Muy/Mry    =   0.529  --->  O.K ! 
           -. Muz/Mrz    =   0.529  --->  O.K ! 
           -. Mu/Mr      =   0.529  --->  O.K ! 
           -. Ratio      =   0.529  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2685.65 kN. 
           -. Vuz    =        246.86 kN. 
           -. Muy    =      -2138.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =        139.79 kN. 
           -. Muz    =      -1416.76 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      246.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1133.34 kN. 
           -. phiVcz    = phi * Vcz =     1020.00 kN. 
 
           -. Vuy       =      139.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1089.98 kN. 
           -. phiVcy    = phi * Vcy =      980.98 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2062.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6015.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2062.41 kN. 
           -. phiVsz   = phi*Vsz =     1856.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2034.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6058.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2034.79 kN. 
           -. phiVsy   = phi*Vsy =     1831.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     283.693 kN. 
           -. Vr       =    2812.292 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      315.21 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      315.21 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2867 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114210,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -285.67      1496.37      1547.31      2043.84      2087.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -285.67      1496.37      1547.31      2043.84      2087.43 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -523.876 kN. 
           -. Mry        =      2857.349 kN-m. 
           -. Mrz        =      3859.421 kN-m. 
           -. Mr         =      4802.039 kN-m. 
           -. Pu/Pr      =   0.545  --->  O.K ! 
           -. Muy/Mry    =   0.542  --->  O.K ! 
           -. Muz/Mrz    =   0.541  --->  O.K ! 
           -. Mu/Mr      =   0.545  --->  O.K ! 
           -. Ratio      =   0.545  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2702.35 kN. 
           -. Vuz    =        154.09 kN. 
           -. Muy    =      -2209.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.51 
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           -. Vuy    =         87.60 kN. 
           -. Muz    =      -1459.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      154.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1133.54 kN. 
           -. phiVcz    = phi * Vcz =     1020.19 kN. 
 
           -. Vuy       =       87.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1090.18 kN. 
           -. phiVcy    = phi * Vcy =      981.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2062.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6014.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2062.54 kN. 
           -. phiVsz   = phi*Vsz =     1856.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2034.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6058.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2034.92 kN. 
           -. phiVsy   = phi*Vsy =     1831.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     177.250 kN. 
           -. Vr       =    2812.594 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      196.94 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      196.94 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0042 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114211,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -285.73      1547.31      1557.04      2087.43      2079.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -285.73      1547.31      1557.04      2087.43      2079.69 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      -523.876 kN. 
           -. Mry        =      2857.349 kN-m. 
           -. Mrz        =      3859.421 kN-m. 
           -. Mr         =      4802.039 kN-m. 
           -. Pu/Pr      =   0.545  --->  O.K ! 
           -. Muy/Mry    =   0.542  --->  O.K ! 
           -. Muz/Mrz    =   0.541  --->  O.K ! 
           -. Mu/Mr      =   0.545  --->  O.K ! 
           -. Ratio      =   0.545  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =        126.74 kN. 
           -. Vuz    =         29.25 kN. 
           -. Muy    =       2264.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.25 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.83 
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           -. Vuy    =         55.68 kN. 
           -. Muz    =       1436.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.25 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       29.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1279.04 kN. 
           -. phiVcz    = phi * Vcz =     1151.13 kN. 
 
           -. Vuy       =       55.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1279.04 kN. 
           -. phiVcy    = phi * Vcy =     1151.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2144.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5869.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2144.48 kN. 
           -. phiVsz   = phi*Vsz =     1930.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2144.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5869.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2144.48 kN. 
           -. phiVsy   = phi*Vsy =     1930.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      62.893 kN. 
           -. Vr       =    3081.160 kN. 
           -. Ratio    = Vu / Vr = 0.020  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       69.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       69.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114212,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            126.70      2264.38      2226.49      1436.11      1403.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      126.70      2264.38      2226.49      1436.11      1403.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2226.49 kN-m. 
           -. End Moments (My2) =     2264.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2264.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2264.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1403.43 kN-m. 
           -. End Moments (Mz2) =     1436.11 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1436.11 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1436.11 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2877 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       234.173 kN. 
           -. Mry        =      4208.351 kN-m. 
           -. Mrz        =      2661.146 kN-m. 
           -. Mr         =      4979.148 kN-m. 
           -. Pu/Pr      =   0.541  --->  O.K ! 
           -. Muy/Mry    =   0.538  --->  O.K ! 
           -. Muz/Mrz    =   0.540  --->  O.K ! 
           -. Mu/Mr      =   0.541  --->  O.K ! 
           -. Ratio      =   0.541  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3119.60 kN. 
           -. Vuz    =         67.73 kN. 
           -. Muy    =      -1514.79 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
 
           -. Vuy    =        109.00 kN. 
           -. Muz    =      -2108.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       67.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1121.92 kN. 
           -. phiVcz    = phi * Vcz =     1009.73 kN. 
 
           -. Vuy       =      109.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1078.54 kN. 
           -. phiVcy    = phi * Vcy =      970.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2055.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6026.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2055.30 kN. 
           -. phiVsz   = phi*Vsz =     1849.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2027.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6069.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2027.23 kN. 
           -. phiVsy   = phi*Vsy =     1824.50 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     128.327 kN. 
           -. Vr       =    2795.190 kN. 
           -. Ratio    = Vu / Vr = 0.046  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      142.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      142.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114213,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            138.65      2226.49      2143.36      1403.43      1344.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      138.65      2226.49      2143.36      1403.43      1344.21 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2143.36 kN-m. 
           -. End Moments (My2) =     2226.49 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2226.49 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2226.49 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1344.21 kN-m. 
           -. End Moments (Mz2) =     1403.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1403.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1403.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       264.069 kN. 
           -. Mry        =      4221.560 kN-m. 
           -. Mrz        =      2652.923 kN-m. 
           -. Mr         =      4985.937 kN-m. 
           -. Pu/Pr      =   0.525  --->  O.K ! 
           -. Muy/Mry    =   0.527  --->  O.K ! 
           -. Muz/Mrz    =   0.529  --->  O.K ! 
           -. Mu/Mr      =   0.529  --->  O.K ! 
           -. Ratio      =   0.529  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3136.31 kN. 
           -. Vuz    =        121.68 kN. 
           -. Muy    =      -1486.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        181.36 kN. 
           -. Muz    =      -2060.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      121.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1118.00 kN. 
           -. phiVcz    = phi * Vcz =     1006.20 kN. 
 
           -. Vuy       =      181.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1074.61 kN. 
           -. phiVcy    = phi * Vcy =      967.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6030.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.83 kN. 
           -. phiVsz   = phi*Vsz =     1847.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2024.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6073.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2024.60 kN. 
           -. phiVsy   = phi*Vsy =     1822.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     218.394 kN. 
           -. Vr       =    2789.296 kN. 
           -. Ratio    = Vu / Vr = 0.078  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      242.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      242.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114214,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            150.61      2143.36      2023.77      1344.21      1263.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      150.61      2143.36      2023.77      1344.21      1263.85 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     2023.77 kN-m. 
           -. End Moments (My2) =     2143.36 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2143.36 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2143.36 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1263.85 kN-m. 
           -. End Moments (Mz2) =     1344.21 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1344.21 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1344.21 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       297.980 kN. 
           -. Mry        =      4233.981 kN-m. 
           -. Mrz        =      2647.381 kN-m. 
           -. Mr         =      4993.518 kN-m. 
           -. Pu/Pr      =   0.505  --->  O.K ! 
           -. Muy/Mry    =   0.506  --->  O.K ! 
           -. Muz/Mrz    =   0.508  --->  O.K ! 
           -. Mu/Mr      =   0.508  --->  O.K ! 
           -. Ratio      =   0.508  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3153.02 kN. 
           -. Vuz    =        165.40 kN. 
           -. Muy    =      -1428.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
 
           -. Vuy    =        239.95 kN. 
           -. Muz    =      -1973.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      165.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1122.56 kN. 
           -. phiVcz    = phi * Vcz =     1010.31 kN. 
 
           -. Vuy       =      239.95 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1079.19 kN. 
           -. phiVcy    = phi * Vcy =      971.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2055.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6025.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2055.70 kN. 
           -. phiVsz   = phi*Vsz =     1850.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2027.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6069.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2027.66 kN. 
           -. phiVsy   = phi*Vsy =     1824.89 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     291.433 kN. 
           -. Vr       =    2796.158 kN. 
           -. Ratio    = Vu / Vr = 0.104  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      323.81 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      323.81 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114215,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            162.57      2023.77      1876.70      1263.85      1167.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      162.57      2023.77      1876.70      1263.85      1167.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1876.70 kN-m. 
           -. End Moments (My2) =     2023.77 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2888 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     2023.77 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     2023.77 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1167.82 kN-m. 
           -. End Moments (Mz2) =     1263.85 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1263.85 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1263.85 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       339.721 kN. 
           -. Mry        =      4246.634 kN-m. 
           -. Mrz        =      2644.472 kN-m. 
           -. Mr         =      5002.713 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.477  --->  O.K ! 
           -. Muz/Mrz    =   0.478  --->  O.K ! 
           -. Mu/Mr      =   0.479  --->  O.K ! 
           -. Ratio      =   0.479  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2769.17 kN. 
           -. Vuz    =        290.39 kN. 
           -. Muy    =      -1980.75 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.54 
 
           -. Vuy    =        193.93 kN. 
           -. Muz    =      -1301.68 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      290.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1147.45 kN. 
           -. phiVcz    = phi * Vcz =     1032.70 kN. 
 
           -. Vuy       =      193.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1104.12 kN. 
           -. phiVcy    = phi * Vcy =      993.71 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2071.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6001.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2071.06 kN. 
           -. phiVsz   = phi*Vsz =     1863.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2043.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6044.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2043.98 kN. 
           -. phiVsy   = phi*Vsy =     1839.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     349.191 kN. 
           -. Vr       =    2833.297 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      387.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      387.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114216,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            174.53      1876.70      1711.55      1167.82      1061.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      174.53      1876.70      1711.55      1167.82      1061.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1711.55 kN-m. 
           -. End Moments (My2) =     1876.70 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1876.70 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1876.70 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1061.86 kN-m. 
           -. End Moments (Mz2) =     1167.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1167.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1167.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       392.585 kN. 
           -. Mry        =      4255.019 kN-m. 
           -. Mrz        =      2641.060 kN-m. 
           -. Mr         =      5008.032 kN-m. 
           -. Pu/Pr      =   0.445  --->  O.K ! 
           -. Muy/Mry    =   0.441  --->  O.K ! 
           -. Muz/Mrz    =   0.442  --->  O.K ! 
           -. Mu/Mr      =   0.445  --->  O.K ! 
           -. Ratio      =   0.445  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2785.86 kN. 
           -. Vuz    =        324.95 kN. 
           -. Muy    =      -1835.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
 
           -. Vuy    =        215.12 kN. 
           -. Muz    =      -1205.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.49 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      324.95 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1166.17 kN. 
           -. phiVcz    = phi * Vcz =     1049.55 kN. 
 
           -. Vuy       =      215.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1122.91 kN. 
           -. phiVcy    = phi * Vcy =     1010.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2082.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5982.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2082.28 kN. 
           -. phiVsz   = phi*Vsz =     1874.05 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2055.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6025.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2055.92 kN. 
           -. phiVsy   = phi*Vsy =     1850.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     389.703 kN. 
           -. Vr       =    2860.951 kN. 
           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      433.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      433.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0031 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0031 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114217,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            186.49      1711.55      1537.43      1061.86       951.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      186.49      1711.55      1537.43      1061.86       951.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1537.43 kN-m. 
           -. End Moments (My2) =     1711.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2896 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1711.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1711.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      951.41 kN-m. 
           -. End Moments (Mz2) =     1061.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1061.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1061.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       460.377 kN. 
           -. Mry        =      4262.958 kN-m. 
           -. Mrz        =      2639.335 kN-m. 
           -. Mr         =      5013.871 kN-m. 
           -. Pu/Pr      =   0.405  --->  O.K ! 
           -. Muy/Mry    =   0.401  --->  O.K ! 
           -. Muz/Mrz    =   0.402  --->  O.K ! 
           -. Mu/Mr      =   0.405  --->  O.K ! 
           -. Ratio      =   0.405  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2802.54 kN. 
           -. Vuz    =        341.83 kN. 
           -. Muy    =      -1673.20 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
 
           -. Vuy    =        225.54 kN. 
           -. Muz    =      -1098.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.15 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      341.83 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1191.27 kN. 
           -. phiVcz    = phi * Vcz =     1072.14 kN. 
 
           -. Vuy       =      225.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1148.15 kN. 
           -. phiVcy    = phi * Vcy =     1033.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2096.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5957.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2096.89 kN. 
           -. phiVsz   = phi*Vsz =     1887.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2071.48 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6000.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2071.48 kN. 
           -. phiVsy   = phi*Vsy =     1864.33 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     409.529 kN. 
           -. Vr       =    2897.671 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      455.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      455.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0025 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114218,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others            198.45      1537.43      1361.10       951.41       840.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others      198.45      1537.43      1361.10       951.41       840.52 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1361.10 kN-m. 
           -. End Moments (My2) =     1537.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1537.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1537.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      840.52 kN-m. 
           -. End Moments (Mz2) =      951.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      951.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      951.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =       550.303 kN. 
           -. Mry        =      4271.656 kN-m. 
           -. Mrz        =      2639.898 kN-m. 
           -. Mr         =      5021.564 kN-m. 
           -. Pu/Pr      =   0.361  --->  O.K ! 
           -. Muy/Mry    =   0.360  --->  O.K ! 
           -. Muz/Mrz    =   0.360  --->  O.K ! 
           -. Mu/Mr      =   0.361  --->  O.K ! 
           -. Ratio      =   0.361  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2819.23 kN. 
           -. Vuz    =        345.64 kN. 
           -. Muy    =      -1502.30 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        227.53 kN. 
           -. Muz    =       -985.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      345.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1221.17 kN. 
           -. phiVcz    = phi * Vcz =     1099.06 kN. 
 
           -. Vuy       =      227.53 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1178.28 kN. 
           -. phiVcy    = phi * Vcy =     1060.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2113.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5927.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2113.70 kN. 
           -. phiVsz   = phi*Vsz =     1902.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2089.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5970.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2089.39 kN. 
           -. phiVsy   = phi*Vsy =     1880.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     413.807 kN. 
           -. Vr       =    2940.898 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      459.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      459.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114219,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2835.91     -1329.48     -1160.05      -871.97      -760.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2835.91     -1329.48     -1160.05      -871.97      -760.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1160.05 kN-m. 
           -. End Moments (My2) =     1329.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1329.48 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1329.48 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      760.66 kN-m. 
           -. End Moments (Mz2) =      871.97 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -871.97 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -871.97 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8733.525 kN. 
           -. Mry        =      4125.335 kN-m. 
           -. Mrz        =      2715.196 kN-m. 
           -. Mr         =      4938.692 kN-m. 
           -. Pu/Pr      =   0.325  --->  O.K ! 
           -. Muy/Mry    =   0.322  --->  O.K ! 
           -. Muz/Mrz    =   0.321  --->  O.K ! 
           -. Mu/Mr      =   0.325  --->  O.K ! 
           -. Ratio      =   0.325  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2835.91 kN. 
           -. Vuz    =        338.86 kN. 
           -. Muy    =      -1329.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        222.70 kN. 
           -. Muz    =       -871.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      338.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1254.80 kN. 
           -. phiVcz    = phi * Vcz =     1129.32 kN. 
 
           -. Vuy       =      222.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1212.23 kN. 
           -. phiVcy    = phi * Vcy =     1091.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2131.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5893.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2131.85 kN. 
           -. phiVsz   = phi*Vsz =     1918.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2108.74 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5936.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2108.74 kN. 
           -. phiVsy   = phi*Vsy =     1897.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     405.493 kN. 
           -. Vr       =    2988.873 kN. 
           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      450.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      450.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2907 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114220,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2852.59     -1160.05      -995.60      -760.66      -652.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2852.59     -1160.05      -995.60      -760.66      -652.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      995.60 kN-m. 
           -. End Moments (My2) =     1160.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1160.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1160.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      652.70 kN-m. 
           -. End Moments (Mz2) =      760.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -760.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -760.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9991.887 kN. 
           -. Mry        =      4037.957 kN-m. 
           -. Mrz        =      2656.393 kN-m. 
           -. Mr         =      4833.376 kN-m. 
           -. Pu/Pr      =   0.285  --->  O.K ! 
           -. Muy/Mry    =   0.287  --->  O.K ! 
           -. Muz/Mrz    =   0.286  --->  O.K ! 
           -. Mu/Mr      =   0.287  --->  O.K ! 
           -. Ratio      =   0.287  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2852.59 kN. 
           -. Vuz    =        328.90 kN. 
           -. Muy    =      -1160.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.18 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        215.97 kN. 
           -. Muz    =       -760.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      328.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1290.16 kN. 
           -. phiVcz    = phi * Vcz =     1161.14 kN. 
 
           -. Vuy       =      215.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1248.03 kN. 
           -. phiVcy    = phi * Vcy =     1123.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5858.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.14 kN. 
           -. phiVsz   = phi*Vsz =     1935.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2128.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5900.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2128.26 kN. 
           -. phiVsy   = phi*Vsy =     1915.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     393.468 kN. 
           -. Vr       =    3038.663 kN. 
           -. Ratio    = Vu / Vr = 0.129  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      437.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      437.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114221,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2869.27      -995.60      -831.08      -652.70      -544.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2869.27      -995.60      -831.08      -652.70      -544.70 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      831.08 kN-m. 
           -. End Moments (My2) =      995.60 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2912 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -995.60 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -995.60 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      544.70 kN-m. 
           -. End Moments (Mz2) =      652.70 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -652.70 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -652.70 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11314.432 kN. 
           -. Mry        =      3941.362 kN-m. 
           -. Mrz        =      2578.076 kN-m. 
           -. Mr         =      4709.651 kN-m. 
           -. Pu/Pr      =   0.254  --->  O.K ! 
           -. Muy/Mry    =   0.253  --->  O.K ! 
           -. Muz/Mrz    =   0.253  --->  O.K ! 
           -. Mu/Mr      =   0.254  --->  O.K ! 
           -. Ratio      =   0.254  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2869.27 kN. 
           -. Vuz    =        329.05 kN. 
           -. Muy    =       -995.60 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        216.07 kN. 
           -. Muz    =       -652.70 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      329.05 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1324.49 kN. 
           -. phiVcz    = phi * Vcz =     1192.04 kN. 
 
           -. Vuy       =      216.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1282.87 kN. 
           -. phiVcy    = phi * Vcy =     1154.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2167.17 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5824.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2167.17 kN. 
           -. phiVsz   = phi*Vsz =     1950.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2146.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5865.61 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2146.44 kN. 
           -. phiVsy   = phi*Vsy =     1931.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     393.650 kN. 
           -. Vr       =    3086.384 kN. 
           -. Ratio    = Vu / Vr = 0.128  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      437.39 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      437.39 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
8.4330e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
7.6231e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-7.6231e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114222,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3286.59      -563.42      -452.83      -767.29      -615.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3286.59      -563.42      -452.83      -767.29      -615.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      452.83 kN-m. 
           -. End Moments (My2) =      563.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -563.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -563.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      615.50 kN-m. 
           -. End Moments (Mz2) =      767.29 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -767.29 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -767.29 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     14932.368 kN. 
           -. Mry        =      2540.291 kN-m. 
           -. Mrz        =      3466.500 kN-m. 
           -. Mr         =      4297.639 kN-m. 
           -. Pu/Pr      =   0.220  --->  O.K ! 
           -. Muy/Mry    =   0.222  --->  O.K ! 
           -. Muz/Mrz    =   0.221  --->  O.K ! 
           -. Mu/Mr      =   0.222  --->  O.K ! 
           -. Ratio      =   0.222  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2885.94 kN. 
           -. Vuz    =        325.61 kN. 
           -. Muy    =       -831.08 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =        213.78 kN. 
           -. Muz    =       -544.70 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.92 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      325.61 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1361.44 kN. 
           -. phiVcz    = phi * Vcz =     1225.30 kN. 
 
           -. Vuy       =      213.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1320.48 kN. 
           -. phiVcy    = phi * Vcy =     1188.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2184.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5787.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2184.73 kN. 
           -. phiVsz   = phi*Vsz =     1966.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2165.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5828.00 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2165.22 kN. 
           -. phiVsy   = phi*Vsy =     1948.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     389.516 kN. 
           -. Vr       =    3137.131 kN. 
           -. Ratio    = Vu / Vr = 0.124  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      432.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      432.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114223,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3303.27      -452.83      -348.88      -615.50      -473.11 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3303.27      -452.83      -348.88      -615.50      -473.11 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      348.88 kN-m. 
           -. End Moments (My2) =      452.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -452.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -452.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      473.11 kN-m. 
           -. End Moments (Mz2) =      615.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -615.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -615.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     17157.427 kN. 
           -. Mry        =      2352.697 kN-m. 
           -. Mrz        =      3187.185 kN-m. 
           -. Mr         =      3961.481 kN-m. 
           -. Pu/Pr      =   0.193  --->  O.K ! 
           -. Muy/Mry    =   0.192  --->  O.K ! 
           -. Muz/Mrz    =   0.193  --->  O.K ! 
           -. Mu/Mr      =   0.193  --->  O.K ! 
           -. Ratio      =   0.193  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2902.61 kN. 
           -. Vuz    =        306.25 kN. 
           -. Muy    =       -668.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.54 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.11 
 
           -. Vuy    =        200.96 kN. 
           -. Muz    =       -437.86 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.02 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      306.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1403.52 kN. 
           -. phiVcz    = phi * Vcz =     1263.17 kN. 
 
           -. Vuy       =      200.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1363.44 kN. 
           -. phiVcy    = phi * Vcy =     1227.09 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2203.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5744.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2203.84 kN. 
           -. phiVsz   = phi*Vsz =     1983.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2185.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5785.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2185.66 kN. 
           -. phiVsy   = phi*Vsy =     1967.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     366.302 kN. 
           -. Vr       =    3194.186 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      407.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      407.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114224,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3319.95      -348.88      -251.69      -473.11      -340.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3319.95      -348.88      -251.69      -473.11      -340.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      251.69 kN-m. 
           -. End Moments (My2) =      348.88 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -348.88 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -348.88 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      340.24 kN-m. 
           -. End Moments (Mz2) =      473.11 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -473.11 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -473.11 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     19613.588 kN. 
           -. Mry        =      2067.914 kN-m. 
           -. Mrz        =      2815.627 kN-m. 
           -. Mr         =      3493.426 kN-m. 
           -. Pu/Pr      =   0.169  --->  O.K ! 
           -. Muy/Mry    =   0.169  --->  O.K ! 
           -. Muz/Mrz    =   0.168  --->  O.K ! 
           -. Mu/Mr      =   0.169  --->  O.K ! 
           -. Ratio      =   0.169  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2919.29 kN. 
           -. Vuz    =        286.45 kN. 
           -. Muy    =       -515.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.33 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.20 
 
           -. Vuy    =        187.88 kN. 
           -. Muz    =       -337.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.53 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.11 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      286.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1445.81 kN. 
           -. phiVcz    = phi * Vcz =     1301.23 kN. 
 
           -. Vuy       =      187.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1406.74 kN. 
           -. phiVcy    = phi * Vcy =     1266.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2222.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5702.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2222.14 kN. 
           -. phiVsz   = phi*Vsz =     1999.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2205.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5741.75 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2205.26 kN. 
           -. phiVsy   = phi*Vsy =     1984.73 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     342.567 kN. 
           -. Vr       =    3250.796 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      380.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      380.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114225,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3336.62      -251.69      -167.75      -340.24      -225.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3336.62      -251.69      -167.75      -340.24      -225.86 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      167.75 kN-m. 
           -. End Moments (My2) =      251.69 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -251.69 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -251.69 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      225.86 kN-m. 
           -. End Moments (Mz2) =      340.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -340.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -340.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     22310.650 kN. 
           -. Mry        =      1678.637 kN-m. 
           -. Mrz        =      2272.181 kN-m. 
           -. Mr         =      2825.001 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.150  --->  O.K ! 
           -. Muz/Mrz    =   0.150  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2935.95 kN. 
           -. Vuz    =        247.62 kN. 
           -. Muy    =       -371.93 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.30 
 
           -. Vuy    =        162.31 kN. 
           -. Muz    =       -243.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.29 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.22 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      247.62 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1492.56 kN. 
           -. phiVcz    = phi * Vcz =     1343.30 kN. 
 
           -. Vuy       =      162.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1454.77 kN. 
           -. phiVcy    = phi * Vcy =     1309.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2241.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5655.93 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2241.41 kN. 
           -. phiVsz   = phi*Vsz =     2017.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2225.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5693.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2225.91 kN. 
           -. phiVsy   = phi*Vsy =     2003.32 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     296.073 kN. 
           -. Vr       =    3312.612 kN. 
           -. Ratio    = Vu / Vr = 0.089  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      328.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      328.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114226,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3353.30      -167.75      -102.63      -225.86      -137.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3353.30      -167.75      -102.63      -225.86      -137.57 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      102.63 kN-m. 
           -. End Moments (My2) =      167.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -167.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -167.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      137.57 kN-m. 
           -. End Moments (Mz2) =      225.86 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -225.86 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -225.86 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =      1210.491 kN-m. 
           -. Mrz        =      1625.780 kN-m. 
           -. Mr         =      2026.931 kN-m. 
           -. Pu/Pr      =   0.137  --->  O.K ! 
           -. Muy/Mry    =   0.139  --->  O.K ! 
           -. Muz/Mrz    =   0.139  --->  O.K ! 
           -. Mu/Mr      =   0.139  --->  O.K ! 
           -. Ratio      =   0.139  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2952.62 kN. 
           -. Vuz    =        192.34 kN. 
           -. Muy    =       -248.12 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =        125.98 kN. 
           -. Muz    =       -162.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.33 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      192.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1540.86 kN. 
           -. phiVcz    = phi * Vcz =     1386.77 kN. 
 
           -. Vuy       =      125.98 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1504.57 kN. 
           -. phiVcy    = phi * Vcy =     1354.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2260.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5607.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2260.32 kN. 
           -. phiVsz   = phi*Vsz =     2034.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2246.20 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5643.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2246.20 kN. 
           -. phiVsy   = phi*Vsy =     2021.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     229.927 kN. 
           -. Vr       =    3375.690 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      255.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      255.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114227,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3386.62      -102.63       -54.94      -137.57       -73.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3386.62      -102.63       -54.94      -137.57       -73.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       54.94 kN-m. 
           -. End Moments (My2) =      102.63 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -54.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -54.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       73.27 kN-m. 
           -. End Moments (Mz2) =      137.57 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -73.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -73.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2937 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       396.566 kN-m. 
           -. Mrz        =       527.538 kN-m. 
           -. Mr         =       659.970 kN-m. 
           -. Pu/Pr      =   0.139  --->  O.K ! 
           -. Muy/Mry    =   0.139  --->  O.K ! 
           -. Muz/Mrz    =   0.139  --->  O.K ! 
           -. Mu/Mr      =   0.139  --->  O.K ! 
           -. Ratio      =   0.139  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2969.28 kN. 
           -. Vuz    =        141.05 kN. 
           -. Muy    =       -151.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.50 
 
           -. Vuy    =         92.34 kN. 
           -. Muz    =        -99.45 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.87 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.43 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.05 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1582.44 kN. 
           -. phiVcz    = phi * Vcz =     1424.20 kN. 
 
           -. Vuy       =       92.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1547.58 kN. 
           -. phiVcy    = phi * Vcy =     1392.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2275.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5566.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2275.84 kN. 
           -. phiVsz   = phi*Vsz =     2048.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2262.87 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5600.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2262.87 kN. 
           -. phiVsy   = phi*Vsy =     2036.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     168.588 kN. 
           -. Vr       =    3429.411 kN. 
           -. Ratio    = Vu / Vr = 0.049  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      187.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      187.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114228,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3403.29       -54.94       -23.08       -73.27       -30.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3403.29       -54.94       -23.08       -73.27       -30.59 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       23.08 kN-m. 
           -. End Moments (My2) =       54.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -23.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -23.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       30.59 kN-m. 
           -. End Moments (Mz2) =       73.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -30.59 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -30.59 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       165.768 kN-m. 
           -. Mrz        =       219.146 kN-m. 
           -. Mr         =       274.780 kN-m. 
           -. Pu/Pr      =   0.139  --->  O.K ! 
           -. Muy/Mry    =   0.139  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3002.60 kN. 
           -. Vuz    =         94.38 kN. 
           -. Muy    =        -34.25 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.57 
 
           -. Vuy    =         61.76 kN. 
           -. Muz    =        -22.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.50 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       94.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1614.41 kN. 
           -. phiVcz    = phi * Vcz =     1452.97 kN. 
 
           -. Vuy       =       61.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1580.75 kN. 
           -. phiVcy    = phi * Vcy =     1422.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2287.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5534.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2287.34 kN. 
           -. phiVsz   = phi*Vsz =     2058.61 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2275.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5567.73 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2275.23 kN. 
           -. phiVsy   = phi*Vsy =     2047.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     112.790 kN. 
           -. Vr       =    3470.381 kN. 
           -. Ratio    = Vu / Vr = 0.033  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      125.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      125.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3419.95       -23.08        -5.34       -30.59        -7.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3419.95       -23.08        -5.34       -30.59        -7.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        5.34 kN-m. 
           -. End Moments (My2) =       23.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -5.34 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -5.34 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        7.02 kN-m. 
           -. End Moments (Mz2) =       30.59 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -7.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -7.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        38.048 kN-m. 
           -. Mrz        =        50.111 kN-m. 
           -. Mr         =        62.919 kN-m. 
           -. Pu/Pr      =   0.140  --->  O.K ! 
           -. Muy/Mry    =   0.140  --->  O.K ! 
           -. Muz/Mrz    =   0.140  --->  O.K ! 
           -. Mu/Mr      =   0.140  --->  O.K ! 
           -. Ratio      =   0.140  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3019.26 kN. 
           -. Vuz    =         52.62 kN. 
           -. Muy    =         -7.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.62 
 
           -. Vuy    =         34.44 kN. 
           -. Muz    =         -5.20 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.55 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       52.62 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1636.57 kN. 
           -. phiVcz    = phi * Vcz =     1472.91 kN. 
 
           -. Vuy       =       34.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1603.78 kN. 
           -. phiVcy    = phi * Vcy =     1443.40 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2295.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5511.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2295.09 kN. 
           -. phiVsz   = phi*Vsz =     2065.58 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2283.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5544.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2283.56 kN. 
           -. phiVsy   = phi*Vsy =     2055.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      62.889 kN. 
           -. Vr       =    3498.604 kN. 
           -. Ratio    = Vu / Vr = 0.018  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       69.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       69.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =114230,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3436.61        -5.34         0.00        -7.02         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3436.61        -5.34         0.00        -7.02         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        5.34 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        7.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.141  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.141  --->  O.K ! 
           -. Ratio      =   0.141  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3035.92 kN. 
           -. Vuz    =         15.88 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.60 
 
           -. Vuy    =         10.41 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.56 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.60 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1624.34 kN. 
           -. phiVcz    = phi * Vcz =     1461.90 kN. 
 
           -. Vuy       =       10.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1624.34 kN. 
           -. phiVcy    = phi * Vcy =     1461.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2290.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5524.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2290.83 kN. 
           -. phiVsz   = phi*Vsz =     2061.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2290.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5524.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2290.83 kN. 
           -. phiVsy   = phi*Vsy =     2061.75 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      18.986 kN. 
           -. Vr       =    3523.655 kN. 
           -. Ratio    = Vu / Vr = 0.005  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       21.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       21.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115102,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1687.64       704.86       836.44       948.11       392.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1687.64       704.86       836.44       948.11       392.98 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5018.803 kN. 
           -. Mry        =      2084.250 kN-m. 
           -. Mrz        =      2818.401 kN-m. 
           -. Mr         =      3505.350 kN-m. 
           -. Pu/Pr      =   0.336  --->  O.K ! 
           -. Muy/Mry    =   0.338  --->  O.K ! 
           -. Muz/Mrz    =   0.336  --->  O.K ! 
           -. Mu/Mr      =   0.338  --->  O.K ! 
           -. Ratio      =   0.338  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4717.04 kN. 
           -. Vuz    =        407.66 kN. 
           -. Muy    =       -775.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
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           -. Vuy    =       1101.33 kN. 
           -. Muz    =       -151.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      407.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1120.33 kN. 
           -. phiVcz    = phi * Vcz =     1008.29 kN. 
 
           -. Vuy       =     1101.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1076.94 kN. 
           -. phiVcy    = phi * Vcy =      969.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2054.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6028.16 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2054.29 kN. 
           -. phiVsz   = phi*Vsz =     1848.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2026.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6071.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2026.16 kN. 
           -. phiVsy   = phi*Vsy =     1823.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1174.353 kN. 
           -. Vr       =    2792.797 kN. 
           -. Ratio    = Vu / Vr = 0.420  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2954 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1304.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1304.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0028 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115103,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -814.03      1109.73      1378.78       365.83       456.86 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -814.03      1109.73      1378.78       365.83       456.86 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2414.824 kN. 
           -. Mry        =      4092.279 kN-m. 
           -. Mrz        =      1341.468 kN-m. 
           -. Mr         =      4306.540 kN-m. 
           -. Pu/Pr      =   0.337  --->  O.K ! 
           -. Muy/Mry    =   0.337  --->  O.K ! 
           -. Muz/Mrz    =   0.341  --->  O.K ! 
           -. Mu/Mr      =   0.341  --->  O.K ! 
           -. Ratio      =   0.341  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4733.88 kN. 
           -. Vuz    =        382.41 kN. 
           -. Muy    =       -925.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
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           -. Vuy    =       1049.90 kN. 
           -. Muz    =       -317.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      382.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1130.78 kN. 
           -. phiVcz    = phi * Vcz =     1017.70 kN. 
 
           -. Vuy       =     1049.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1087.41 kN. 
           -. phiVcy    = phi * Vcy =      978.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6017.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.83 kN. 
           -. phiVsz   = phi*Vsz =     1854.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2033.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6061.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2033.11 kN. 
           -. phiVsy   = phi*Vsy =     1829.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1117.377 kN. 
           -. Vr       =    2808.467 kN. 
           -. Ratio    = Vu / Vr = 0.398  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1241.53 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1241.53 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115104,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -802.16      1378.78      1619.40       456.86       748.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -802.16      1378.78      1619.40       456.86       748.84 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1982.638 kN. 
           -. Mry        =      4013.463 kN-m. 
           -. Mrz        =      1862.186 kN-m. 
           -. Mr         =      4424.435 kN-m. 
           -. Pu/Pr      =   0.405  --->  O.K ! 
           -. Muy/Mry    =   0.403  --->  O.K ! 
           -. Muz/Mrz    =   0.402  --->  O.K ! 
           -. Mu/Mr      =   0.405  --->  O.K ! 
           -. Ratio      =   0.405  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4750.71 kN. 
           -. Vuz    =        339.15 kN. 
           -. Muy    =      -1065.69 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
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           -. Vuy    =        960.12 kN. 
           -. Muz    =       -801.18 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      339.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1094.53 kN. 
           -. phiVcz    = phi * Vcz =      985.08 kN. 
 
           -. Vuy       =      960.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1051.15 kN. 
           -. phiVcy    = phi * Vcy =      946.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2037.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6053.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2037.77 kN. 
           -. phiVsz   = phi*Vsz =     1833.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2008.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6097.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2008.61 kN. 
           -. phiVsy   = phi*Vsy =     1807.75 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1018.259 kN. 
           -. Vr       =    2753.778 kN. 
           -. Ratio    = Vu / Vr = 0.370  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1131.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1131.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115105,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1640.20      1101.73      1222.85       987.37      1406.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1640.20      1101.73      1222.85       987.37      1406.24 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3532.433 kN. 
           -. Mry        =      2605.538 kN-m. 
           -. Mrz        =      3016.762 kN-m. 
           -. Mr         =      3986.186 kN-m. 
           -. Pu/Pr      =   0.464  --->  O.K ! 
           -. Muy/Mry    =   0.469  --->  O.K ! 
           -. Muz/Mrz    =   0.466  --->  O.K ! 
           -. Mu/Mr      =   0.469  --->  O.K ! 
           -. Ratio      =   0.469  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4767.54 kN. 
           -. Vuz    =        297.85 kN. 
           -. Muy    =      -1198.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.34 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2965 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        872.17 kN. 
           -. Muz    =      -1246.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.24 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      297.85 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1055.34 kN. 
           -. phiVcz    = phi * Vcz =      949.81 kN. 
 
           -. Vuy       =      872.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1012.05 kN. 
           -. phiVcy    = phi * Vcy =      910.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2011.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6093.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2011.51 kN. 
           -. phiVsz   = phi*Vsz =     1810.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1980.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6136.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1980.73 kN. 
           -. phiVsy   = phi*Vsy =     1782.66 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     921.629 kN. 
           -. Vr       =    2693.502 kN. 
           -. Ratio    = Vu / Vr = 0.342  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1024.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1024.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1628.37      1222.85      1316.94      1406.24      1749.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1628.37      1222.85      1316.94      1406.24      1749.51 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3064.730 kN. 
           -. Mry        =      2477.790 kN-m. 
           -. Mrz        =      3294.626 kN-m. 
           -. Mr         =      4122.378 kN-m. 
           -. Pu/Pr      =   0.531  --->  O.K ! 
           -. Muy/Mry    =   0.531  --->  O.K ! 
           -. Muz/Mrz    =   0.531  --->  O.K ! 
           -. Mu/Mr      =   0.531  --->  O.K ! 
           -. Ratio      =   0.531  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4784.36 kN. 
           -. Vuz    =        227.14 kN. 
           -. Muy    =      -1302.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.14 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        716.80 kN. 
           -. Muz    =      -1615.71 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.57 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.19 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      227.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1031.46 kN. 
           -. phiVcz    = phi * Vcz =      928.32 kN. 
 
           -. Vuy       =      716.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      988.28 kN. 
           -. phiVcy    = phi * Vcy =      889.45 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1994.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6117.03 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1994.77 kN. 
           -. phiVsz   = phi*Vsz =     1795.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1962.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6160.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1962.99 kN. 
           -. phiVsy   = phi*Vsy =     1766.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     751.930 kN. 
           -. Vr       =    2656.141 kN. 
           -. Ratio    = Vu / Vr = 0.283  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      835.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      835.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1616.54      1316.94      1375.98      1749.51      2011.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1616.54      1316.94      1375.98      1749.51      2011.14 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2765.554 kN. 
           -. Mry        =      2372.258 kN-m. 
           -. Mrz        =      3474.435 kN-m. 
           -. Mr         =      4207.054 kN-m. 
           -. Pu/Pr      =   0.585  --->  O.K ! 
           -. Muy/Mry    =   0.580  --->  O.K ! 
           -. Muz/Mrz    =   0.579  --->  O.K ! 
           -. Mu/Mr      =   0.585  --->  O.K ! 
           -. Ratio      =   0.585  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4801.17 kN. 
           -. Vuz    =        154.39 kN. 
           -. Muy    =      -1370.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        547.99 kN. 
           -. Muz    =      -1901.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.16 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      154.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1018.32 kN. 
           -. phiVcz    = phi * Vcz =      916.48 kN. 
 
           -. Vuy       =      547.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      975.21 kN. 
           -. phiVcy    = phi * Vcy =      877.69 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1985.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6130.17 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1985.31 kN. 
           -. phiVsz   = phi*Vsz =     1786.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1952.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6173.28 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1952.96 kN. 
           -. phiVsy   = phi*Vsy =     1757.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     569.325 kN. 
           -. Vr       =    2635.358 kN. 
           -. Ratio    = Vu / Vr = 0.216  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      632.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      632.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115108,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1604.69      1375.98      1400.18      2011.14      2190.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1604.69      1375.98      1400.18      2011.14      2190.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2624.555 kN. 
           -. Mry        =      2287.622 kN-m. 
           -. Mrz        =      3579.504 kN-m. 
           -. Mr         =      4248.066 kN-m. 
           -. Pu/Pr      =   0.611  --->  O.K ! 
           -. Muy/Mry    =   0.612  --->  O.K ! 
           -. Muz/Mrz    =   0.612  --->  O.K ! 
           -. Mu/Mr      =   0.612  --->  O.K ! 
           -. Ratio      =   0.612  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4817.98 kN. 
           -. Vuz    =         90.59 kN. 
           -. Muy    =      -1402.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        380.03 kN. 
           -. Muz    =      -2102.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       90.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1014.33 kN. 
           -. phiVcz    = phi * Vcz =      912.89 kN. 
 
           -. Vuy       =      380.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      971.25 kN. 
           -. phiVcy    = phi * Vcy =      874.12 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6134.16 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.40 kN. 
           -. phiVsz   = phi*Vsz =     1784.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1949.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6177.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1949.88 kN. 
           -. phiVsy   = phi*Vsy =     1754.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     390.673 kN. 
           -. Vr       =    2629.016 kN. 
           -. Ratio    = Vu / Vr = 0.149  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      434.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      434.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115109,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1592.85      1400.18      1391.12      2190.29      2289.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1592.85      1400.18      1391.12      2190.29      2289.74 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2558.546 kN. 
           -. Mry        =      2219.126 kN-m. 
           -. Mrz        =      3645.732 kN-m. 
           -. Mr         =      4268.007 kN-m. 
           -. Pu/Pr      =   0.623  --->  O.K ! 
           -. Muy/Mry    =   0.627  --->  O.K ! 
           -. Muz/Mrz    =   0.628  --->  O.K ! 
           -. Mu/Mr      =   0.628  --->  O.K ! 
           -. Ratio      =   0.628  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4834.78 kN. 
           -. Vuz    =         56.21 kN. 
           -. Muy    =      -1399.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.27 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 2981 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        218.56 kN. 
           -. Muz    =      -2222.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.16 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       56.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1018.35 kN. 
           -. phiVcz    = phi * Vcz =      916.51 kN. 
 
           -. Vuy       =      218.56 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      975.24 kN. 
           -. phiVcy    = phi * Vcy =      877.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1985.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6130.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1985.33 kN. 
           -. phiVsz   = phi*Vsz =     1786.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1952.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6173.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1952.99 kN. 
           -. phiVsy   = phi*Vsy =     1757.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     225.677 kN. 
           -. Vr       =    2635.404 kN. 
           -. Ratio    = Vu / Vr = 0.086  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      250.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      250.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115110,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1592.98      1391.12      1351.44      2289.74      2314.92 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1592.98      1391.12      1351.44      2289.74      2314.92 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2558.546 kN. 
           -. Mry        =      2219.126 kN-m. 
           -. Mrz        =      3645.732 kN-m. 
           -. Mr         =      4268.007 kN-m. 
           -. Pu/Pr      =   0.623  --->  O.K ! 
           -. Muy/Mry    =   0.627  --->  O.K ! 
           -. Muz/Mrz    =   0.628  --->  O.K ! 
           -. Mu/Mr      =   0.628  --->  O.K ! 
           -. Ratio      =   0.628  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       -742.83 kN. 
           -. Vuz    =        123.54 kN. 
           -. Muy    =       2157.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
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           -. Vuy    =         80.77 kN. 
           -. Muz    =       1602.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.90 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      123.54 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1337.36 kN. 
           -. phiVcz    = phi * Vcz =     1203.62 kN. 
 
           -. Vuy       =       80.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1337.36 kN. 
           -. phiVcy    = phi * Vcy =     1203.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2173.37 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5811.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2173.37 kN. 
           -. phiVsz   = phi*Vsz =     1956.03 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2173.37 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5811.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2173.37 kN. 
           -. phiVsy   = phi*Vsy =     1956.03 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     147.603 kN. 
           -. Vr       =    3159.654 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.90 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      164.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      164.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0097 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0097 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0097 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115111,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1581.12      1351.44      1286.48      2314.92      2276.93 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1581.12      1351.44      1286.48      2314.92      2276.93 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2529.084 kN. 
           -. Mry        =      2162.838 kN-m. 
           -. Mrz        =      3690.481 kN-m. 
           -. Mr         =      4277.560 kN-m. 
           -. Pu/Pr      =   0.625  --->  O.K ! 
           -. Muy/Mry    =   0.625  --->  O.K ! 
           -. Muz/Mrz    =   0.627  --->  O.K ! 
           -. Mu/Mr      =   0.627  --->  O.K ! 
           -. Ratio      =   0.627  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4001.50 kN. 
           -. Vuz    =        191.94 kN. 
           -. Muy    =      -2115.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =         36.65 kN. 
           -. Muz    =      -1563.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      191.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1062.11 kN. 
           -. phiVcz    = phi * Vcz =      955.90 kN. 
 
           -. Vuy       =       36.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1018.80 kN. 
           -. phiVcy    = phi * Vcy =      916.92 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2016.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6086.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2016.15 kN. 
           -. phiVsz   = phi*Vsz =     1814.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1985.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6129.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1985.66 kN. 
           -. phiVsy   = phi*Vsy =     1787.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     195.402 kN. 
           -. Vr       =    2704.009 kN. 
           -. Ratio    = Vu / Vr = 0.072  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      217.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      217.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115112,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1569.25      1286.48      1202.43      2276.93      2188.97 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1569.25      1286.48      1202.43      2276.93      2188.97 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2568.005 kN. 
           -. Mry        =      2107.211 kN-m. 
           -. Mrz        =      3710.409 kN-m. 
           -. Mr         =      4267.021 kN-m. 
           -. Pu/Pr      =   0.611  --->  O.K ! 
           -. Muy/Mry    =   0.611  --->  O.K ! 
           -. Muz/Mrz    =   0.614  --->  O.K ! 
           -. Mu/Mr      =   0.614  --->  O.K ! 
           -. Ratio      =   0.614  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4018.24 kN. 
           -. Vuz    =        252.42 kN. 
           -. Muy    =      -2022.86 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        105.44 kN. 
           -. Muz    =      -1547.91 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.26 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      252.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1063.17 kN. 
           -. phiVcz    = phi * Vcz =      956.85 kN. 
 
           -. Vuy       =      105.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1019.85 kN. 
           -. phiVcy    = phi * Vcy =      917.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2016.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6085.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2016.87 kN. 
           -. phiVsz   = phi*Vsz =     1815.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1986.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6128.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1986.42 kN. 
           -. phiVsy   = phi*Vsy =     1787.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     273.559 kN. 
           -. Vr       =    2705.641 kN. 
           -. Ratio    = Vu / Vr = 0.101  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      303.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      303.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1557.37      1202.43      1104.48      2188.97      2062.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1557.37      1202.43      1104.48      2188.97      2062.17 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2641.412 kN. 
           -. Mry        =      2053.361 kN-m. 
           -. Mrz        =      3716.892 kN-m. 
           -. Mr         =      4246.360 kN-m. 
           -. Pu/Pr      =   0.590  --->  O.K ! 
           -. Muy/Mry    =   0.586  --->  O.K ! 
           -. Muz/Mrz    =   0.589  --->  O.K ! 
           -. Mu/Mr      =   0.590  --->  O.K ! 
           -. Ratio      =   0.590  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4034.98 kN. 
           -. Vuz    =        298.80 kN. 
           -. Muy    =      -1897.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.37 
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           -. Vuy    =        161.11 kN. 
           -. Muz    =      -1496.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.28 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      298.80 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1071.17 kN. 
           -. phiVcz    = phi * Vcz =      964.05 kN. 
 
           -. Vuy       =      161.11 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1027.83 kN. 
           -. phiVcy    = phi * Vcy =      925.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2022.29 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6077.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2022.29 kN. 
           -. phiVsz   = phi*Vsz =     1820.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1992.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6120.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1992.17 kN. 
           -. phiVsy   = phi*Vsy =     1792.96 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     339.466 kN. 
           -. Vr       =    2718.002 kN. 
           -. Ratio    = Vu / Vr = 0.125  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      377.18 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      377.18 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0017 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0017 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1545.49      1104.48       997.28      2062.17      1907.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1545.49      1104.48       997.28      2062.17      1907.70 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2783.914 kN. 
           -. Mry        =      1992.961 kN-m. 
           -. Mrz        =      3703.002 kN-m. 
           -. Mr         =      4205.249 kN-m. 
           -. Pu/Pr      =   0.555  --->  O.K ! 
           -. Muy/Mry    =   0.554  --->  O.K ! 
           -. Muz/Mrz    =   0.557  --->  O.K ! 
           -. Mu/Mr      =   0.557  --->  O.K ! 
           -. Ratio      =   0.557  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4051.71 kN. 
           -. Vuz    =        330.46 kN. 
           -. Muy    =      -1749.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.66 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        202.92 kN. 
           -. Muz    =      -1416.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.31 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      330.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1085.62 kN. 
           -. phiVcz    = phi * Vcz =      977.06 kN. 
 
           -. Vuy       =      202.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1042.25 kN. 
           -. phiVcy    = phi * Vcy =      938.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2031.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6062.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2031.92 kN. 
           -. phiVsz   = phi*Vsz =     1828.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2002.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6106.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2002.40 kN. 
           -. phiVsy   = phi*Vsy =     1802.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     387.783 kN. 
           -. Vr       =    2740.181 kN. 
           -. Ratio    = Vu / Vr = 0.142  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      430.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      430.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1533.60       997.28       885.15      1907.70      1735.77 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1533.60       997.28       885.15      1907.70      1735.77 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2963.113 kN. 
           -. Mry        =      1928.405 kN-m. 
           -. Mrz        =      3678.470 kN-m. 
           -. Mr         =      4153.298 kN-m. 
           -. Pu/Pr      =   0.518  --->  O.K ! 
           -. Muy/Mry    =   0.517  --->  O.K ! 
           -. Muz/Mrz    =   0.519  --->  O.K ! 
           -. Mu/Mr      =   0.519  --->  O.K ! 
           -. Ratio      =   0.519  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4068.44 kN. 
           -. Vuz    =        348.15 kN. 
           -. Muy    =      -1584.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.45 
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           -. Vuy    =        230.02 kN. 
           -. Muz    =      -1316.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.35 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      348.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1105.76 kN. 
           -. phiVcz    = phi * Vcz =      995.19 kN. 
 
           -. Vuy       =      230.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1062.37 kN. 
           -. phiVcy    = phi * Vcy =      956.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2045.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6042.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2045.04 kN. 
           -. phiVsz   = phi*Vsz =     1840.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2016.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6086.11 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2016.33 kN. 
           -. phiVsy   = phi*Vsy =     1814.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     417.270 kN. 
           -. Vr       =    2770.831 kN. 
           -. Ratio    = Vu / Vr = 0.151  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3006 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      463.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      463.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1521.70       885.15       770.84      1735.77      1552.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1521.70       885.15       770.84      1735.77      1552.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3216.240 kN. 
           -. Mry        =      1851.065 kN-m. 
           -. Mrz        =      3635.300 kN-m. 
           -. Mr         =      4079.442 kN-m. 
           -. Pu/Pr      =   0.473  --->  O.K ! 
           -. Muy/Mry    =   0.478  --->  O.K ! 
           -. Muz/Mrz    =   0.477  --->  O.K ! 
           -. Mu/Mr      =   0.478  --->  O.K ! 
           -. Ratio      =   0.478  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4935.52 kN. 
           -. Vuz    =        230.84 kN. 
           -. Muy    =       -905.59 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.37 
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           -. Vuy    =        359.13 kN. 
           -. Muz    =      -1741.13 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.27 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      230.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1069.90 kN. 
           -. phiVcz    = phi * Vcz =      962.91 kN. 
 
           -. Vuy       =      359.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1026.56 kN. 
           -. phiVcy    = phi * Vcy =      923.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2021.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6078.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2021.44 kN. 
           -. phiVsz   = phi*Vsz =     1819.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1991.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6121.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1991.27 kN. 
           -. phiVsy   = phi*Vsy =     1792.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     426.921 kN. 
           -. Vr       =    2716.048 kN. 
           -. Ratio    = Vu / Vr = 0.157  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      474.36 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      474.36 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115117,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1509.80       770.84       656.53      1552.28      1361.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1509.80       770.84       656.53      1552.28      1361.87 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3505.082 kN. 
           -. Mry        =      1772.274 kN-m. 
           -. Mrz        =      3582.755 kN-m. 
           -. Mr         =      3997.135 kN-m. 
           -. Pu/Pr      =   0.431  --->  O.K ! 
           -. Muy/Mry    =   0.435  --->  O.K ! 
           -. Muz/Mrz    =   0.433  --->  O.K ! 
           -. Mu/Mr      =   0.435  --->  O.K ! 
           -. Ratio      =   0.435  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4952.27 kN. 
           -. Vuz    =        231.55 kN. 
           -. Muy    =       -790.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        374.31 kN. 
           -. Muz    =      -1563.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.97 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.32 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      231.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1093.68 kN. 
           -. phiVcz    = phi * Vcz =      984.31 kN. 
 
           -. Vuy       =      374.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1050.30 kN. 
           -. phiVcy    = phi * Vcy =      945.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2037.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6054.81 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2037.22 kN. 
           -. phiVsz   = phi*Vsz =     1833.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2008.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6098.19 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2008.02 kN. 
           -. phiVsy   = phi*Vsy =     1807.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     440.139 kN. 
           -. Vr       =    2752.486 kN. 
           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      489.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      489.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0017 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3015 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115118,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1497.89       656.53       544.35      1361.87      1167.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1497.89       656.53       544.35      1361.87      1167.87 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3854.346 kN. 
           -. Mry        =      1684.843 kN-m. 
           -. Mrz        =      3500.238 kN-m. 
           -. Mr         =      3884.632 kN-m. 
           -. Pu/Pr      =   0.389  --->  O.K ! 
           -. Muy/Mry    =   0.390  --->  O.K ! 
           -. Muz/Mrz    =   0.389  --->  O.K ! 
           -. Mu/Mr      =   0.390  --->  O.K ! 
           -. Ratio      =   0.390  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4969.00 kN. 
           -. Vuz    =        228.00 kN. 
           -. Muy    =       -675.61 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.48 
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           -. Vuy    =        383.03 kN. 
           -. Muz    =      -1378.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      228.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1120.35 kN. 
           -. phiVcz    = phi * Vcz =     1008.32 kN. 
 
           -. Vuy       =      383.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1076.97 kN. 
           -. phiVcy    = phi * Vcy =      969.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2054.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6028.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2054.31 kN. 
           -. phiVsz   = phi*Vsz =     1848.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2026.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6071.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2026.18 kN. 
           -. phiVsy   = phi*Vsy =     1823.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     445.756 kN. 
           -. Vr       =    2792.838 kN. 
           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      495.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      495.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115119,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1485.97       544.35       440.31      1167.87       975.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1485.97       544.35       440.31      1167.87       975.78 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4292.694 kN. 
           -. Mry        =      1581.005 kN-m. 
           -. Mrz        =      3391.147 kN-m. 
           -. Mr         =      3741.584 kN-m. 
           -. Pu/Pr      =   0.346  --->  O.K ! 
           -. Muy/Mry    =   0.344  --->  O.K ! 
           -. Muz/Mrz    =   0.344  --->  O.K ! 
           -. Mu/Mr      =   0.346  --->  O.K ! 
           -. Ratio      =   0.346  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4985.73 kN. 
           -. Vuz    =        212.48 kN. 
           -. Muy    =       -562.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.13 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.55 
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           -. Vuy    =        382.07 kN. 
           -. Muz    =      -1188.22 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.47 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      212.48 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1150.54 kN. 
           -. phiVcz    = phi * Vcz =     1035.49 kN. 
 
           -. Vuy       =      382.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1107.23 kN. 
           -. phiVcy    = phi * Vcy =      996.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2072.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5997.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2072.93 kN. 
           -. phiVsz   = phi*Vsz =     1865.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2045.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6041.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2045.98 kN. 
           -. phiVsy   = phi*Vsy =     1841.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     437.176 kN. 
           -. Vr       =    2837.882 kN. 
           -. Ratio    = Vu / Vr = 0.154  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      485.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      485.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0031 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115120,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1474.05       440.31       346.65       975.78       793.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1474.05       440.31       346.65       975.78       793.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4877.442 kN. 
           -. Mry        =      1458.201 kN-m. 
           -. Mrz        =      3236.154 kN-m. 
           -. Mr         =      3549.513 kN-m. 
           -. Pu/Pr      =   0.302  --->  O.K ! 
           -. Muy/Mry    =   0.302  --->  O.K ! 
           -. Muz/Mrz    =   0.302  --->  O.K ! 
           -. Mu/Mr      =   0.302  --->  O.K ! 
           -. Ratio      =   0.302  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5002.46 kN. 
           -. Vuz    =        192.17 kN. 
           -. Muy    =       -456.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =        366.00 kN. 
           -. Muz    =       -997.62 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      192.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1183.89 kN. 
           -. phiVcz    = phi * Vcz =     1065.50 kN. 
 
           -. Vuy       =      366.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1140.73 kN. 
           -. phiVcy    = phi * Vcy =     1026.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.64 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5964.60 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.64 kN. 
           -. phiVsz   = phi*Vsz =     1883.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2066.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6007.76 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2066.96 kN. 
           -. phiVsy   = phi*Vsy =     1860.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     413.382 kN. 
           -. Vr       =    2886.915 kN. 
           -. Ratio    = Vu / Vr = 0.143  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      459.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      459.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115121,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1462.12       346.65       264.63       793.28       625.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1462.12       346.65       264.63       793.28       625.44 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3028 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5587.862 kN. 
           -. Mry        =      1317.282 kN-m. 
           -. Mrz        =      3041.776 kN-m. 
           -. Mr         =      3314.760 kN-m. 
           -. Pu/Pr      =   0.262  --->  O.K ! 
           -. Muy/Mry    =   0.263  --->  O.K ! 
           -. Muz/Mrz    =   0.261  --->  O.K ! 
           -. Mu/Mr      =   0.263  --->  O.K ! 
           -. Ratio      =   0.263  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5019.18 kN. 
           -. Vuz    =        169.07 kN. 
           -. Muy    =       -360.68 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3029 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        339.28 kN. 
           -. Muz    =       -814.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      169.07 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1218.85 kN. 
           -. phiVcz    = phi * Vcz =     1096.97 kN. 
 
           -. Vuy       =      339.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1175.94 kN. 
           -. phiVcy    = phi * Vcy =     1058.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2112.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5929.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2112.42 kN. 
           -. phiVsz   = phi*Vsz =     1901.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2088.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5972.55 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2088.02 kN. 
           -. phiVsy   = phi*Vsy =     1879.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     379.074 kN. 
           -. Vr       =    2937.564 kN. 
           -. Ratio    = Vu / Vr = 0.129  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3030 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      421.19 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      421.19 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3031 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115122,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5035.89      -276.41      -204.23      -645.37      -493.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5035.89      -276.41      -204.23      -645.37      -493.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      204.23 kN-m. 
           -. End Moments (My2) =      276.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -276.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -276.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      493.02 kN-m. 
           -. End Moments (Mz2) =      645.37 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -645.37 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -645.37 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     21649.986 kN. 
           -. Mry        =      1182.344 kN-m. 
           -. Mrz        =      2763.778 kN-m. 
           -. Mr         =      3006.062 kN-m. 
           -. Pu/Pr      =   0.233  --->  O.K ! 
           -. Muy/Mry    =   0.234  --->  O.K ! 
           -. Muz/Mrz    =   0.234  --->  O.K ! 
           -. Mu/Mr      =   0.234  --->  O.K ! 
           -. Ratio      =   0.234  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5035.89 kN. 
           -. Vuz    =        144.76 kN. 
           -. Muy    =       -276.41 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        304.93 kN. 
           -. Muz    =       -645.37 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.69 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      144.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1254.16 kN. 
           -. phiVcz    = phi * Vcz =     1128.74 kN. 
 
           -. Vuy       =      304.93 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1211.58 kN. 
           -. phiVcy    = phi * Vcy =     1090.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2131.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5894.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2131.51 kN. 
           -. phiVsz   = phi*Vsz =     1918.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2108.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5936.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2108.38 kN. 
           -. phiVsy   = phi*Vsy =     1897.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     337.542 kN. 
           -. Vr       =    2987.967 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      375.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      375.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115123,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5052.59      -204.23      -144.19      -493.02      -360.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5052.59      -204.23      -144.19      -493.02      -360.16 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      144.19 kN-m. 
           -. End Moments (My2) =      204.23 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -204.23 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -204.23 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      360.16 kN-m. 
           -. End Moments (Mz2) =      493.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -493.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -493.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     23481.080 kN. 
           -. Mry        =       952.438 kN-m. 
           -. Mrz        =      2284.041 kN-m. 
           -. Mr         =      2474.667 kN-m. 
           -. Pu/Pr      =   0.215  --->  O.K ! 
           -. Muy/Mry    =   0.214  --->  O.K ! 
           -. Muz/Mrz    =   0.216  --->  O.K ! 
           -. Mu/Mr      =   0.216  --->  O.K ! 
           -. Ratio      =   0.216  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5052.59 kN. 
           -. Vuz    =        120.36 kN. 
           -. Muy    =       -204.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.19 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.85 
 
           -. Vuy    =        265.76 kN. 
           -. Muz    =       -493.02 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      120.36 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1288.58 kN. 
           -. phiVcz    = phi * Vcz =     1159.72 kN. 
 
           -. Vuy       =      265.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1246.43 kN. 
           -. phiVcy    = phi * Vcy =     1121.79 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2149.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5859.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2149.34 kN. 
           -. phiVsz   = phi*Vsz =     1934.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2127.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5902.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2127.41 kN. 
           -. phiVsy   = phi*Vsy =     1914.67 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     291.743 kN. 
           -. Vr       =    3036.455 kN. 
           -. Ratio    = Vu / Vr = 0.096  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      324.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      324.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0059 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0059 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0059 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115124,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5085.94      -144.19       -95.87      -360.16      -248.06 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5085.94      -144.19       -95.87      -360.16      -248.06 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       95.87 kN-m. 
           -. End Moments (My2) =      144.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -95.87 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -95.87 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      248.06 kN-m. 
           -. End Moments (Mz2) =      360.16 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -248.06 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -248.06 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       460.641 kN-m. 
           -. Mrz        =      1190.050 kN-m. 
           -. Mr         =      1276.092 kN-m. 
           -. Pu/Pr      =   0.208  --->  O.K ! 
           -. Muy/Mry    =   0.208  --->  O.K ! 
           -. Muz/Mrz    =   0.208  --->  O.K ! 
           -. Mu/Mr      =   0.208  --->  O.K ! 
           -. Ratio      =   0.208  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5069.29 kN. 
           -. Vuz    =         96.84 kN. 
           -. Muy    =       -144.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.92 
 
           -. Vuy    =        224.21 kN. 
           -. Muz    =       -360.16 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       96.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1321.00 kN. 
           -. phiVcz    = phi * Vcz =     1188.90 kN. 
 
           -. Vuy       =      224.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1279.33 kN. 
           -. phiVcy    = phi * Vcy =     1151.40 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2165.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5827.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2165.47 kN. 
           -. phiVsz   = phi*Vsz =     1948.92 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2144.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5869.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2144.63 kN. 
           -. phiVsy   = phi*Vsy =     1930.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     244.231 kN. 
           -. Vr       =    3081.565 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      271.37 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      271.37 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0064 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0064 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0064 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115125,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5102.63       -95.87       -58.55      -248.06      -157.17 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5102.63       -95.87       -58.55      -248.06      -157.17 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       58.55 kN-m. 
           -. End Moments (My2) =       95.87 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -58.55 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -58.55 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      157.17 kN-m. 
           -. End Moments (Mz2) =      248.06 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -157.17 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -157.17 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       280.112 kN-m. 
           -. Mrz        =       751.662 kN-m. 
           -. Mr         =       802.159 kN-m. 
           -. Pu/Pr      =   0.209  --->  O.K ! 
           -. Muy/Mry    =   0.209  --->  O.K ! 
           -. Muz/Mrz    =   0.209  --->  O.K ! 
           -. Mu/Mr      =   0.209  --->  O.K ! 
           -. Ratio      =   0.209  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5085.98 kN. 
           -. Vuz    =         74.78 kN. 
           -. Muy    =        -95.87 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =        181.78 kN. 
           -. Muz    =       -248.06 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       74.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1350.52 kN. 
           -. phiVcz    = phi * Vcz =     1215.47 kN. 
 
           -. Vuy       =      181.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1309.36 kN. 
           -. phiVcy    = phi * Vcy =     1178.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.62 kN. 
           -. phiVsz   = phi*Vsz =     1961.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2159.75 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5839.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2159.75 kN. 
           -. phiVsy   = phi*Vsy =     1943.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     196.558 kN. 
           -. Vr       =    3122.206 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      218.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      218.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0069 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0069 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0069 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115126,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5119.32       -58.55       -31.31      -157.17       -87.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5119.32       -58.55       -31.31      -157.17       -87.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       31.31 kN-m. 
           -. End Moments (My2) =       58.55 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -31.31 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -31.31 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       87.41 kN-m. 
           -. End Moments (Mz2) =      157.17 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -87.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -87.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       149.147 kN-m. 
           -. Mrz        =       416.727 kN-m. 
           -. Mr         =       442.613 kN-m. 
           -. Pu/Pr      =   0.210  --->  O.K ! 
           -. Muy/Mry    =   0.210  --->  O.K ! 
           -. Muz/Mrz    =   0.210  --->  O.K ! 
           -. Mu/Mr      =   0.210  --->  O.K ! 
           -. Ratio      =   0.210  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5102.66 kN. 
           -. Vuz    =         54.55 kN. 
           -. Muy    =        -58.55 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
 
           -. Vuy    =        139.52 kN. 
           -. Muz    =       -157.17 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       54.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1376.44 kN. 
           -. phiVcz    = phi * Vcz =     1238.79 kN. 
 
           -. Vuy       =      139.52 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1335.78 kN. 
           -. phiVcy    = phi * Vcy =     1202.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2191.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5772.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2191.65 kN. 
           -. phiVsz   = phi*Vsz =     1972.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2172.61 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5812.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2172.61 kN. 
           -. phiVsy   = phi*Vsy =     1955.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     149.808 kN. 
           -. Vr       =    3157.553 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      166.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      166.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0074 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0074 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0074 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115127,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5135.99       -31.31       -13.15       -87.41       -38.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5135.99       -31.31       -13.15       -87.41       -38.36 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.15 kN-m. 
           -. End Moments (My2) =       31.31 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       38.36 kN-m. 
           -. End Moments (Mz2) =       87.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -38.36 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -38.36 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        62.475 kN-m. 
           -. Mrz        =       182.274 kN-m. 
           -. Mr         =       192.684 kN-m. 
           -. Pu/Pr      =   0.210  --->  O.K ! 
           -. Muy/Mry    =   0.211  --->  O.K ! 
           -. Muz/Mrz    =   0.210  --->  O.K ! 
           -. Mu/Mr      =   0.211  --->  O.K ! 
           -. Ratio      =   0.211  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5135.99 kN. 
           -. Vuz    =         36.35 kN. 
           -. Muy    =        -13.15 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.09 
 
           -. Vuy    =         98.10 kN. 
           -. Muz    =        -38.36 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.00 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       36.35 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1397.24 kN. 
           -. phiVcz    = phi * Vcz =     1257.52 kN. 
 
           -. Vuy       =       98.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1357.02 kN. 
           -. phiVcy    = phi * Vcy =     1221.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2201.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5751.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2201.05 kN. 
           -. phiVsz   = phi*Vsz =     1980.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2182.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5791.46 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2182.67 kN. 
           -. phiVsy   = phi*Vsy =     1964.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     104.617 kN. 
           -. Vr       =    3185.723 kN. 
           -. Ratio    = Vu / Vr = 0.033  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      116.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      116.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0079 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0079 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0079 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115128,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5152.66       -13.15        -3.05       -38.36        -9.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5152.66       -13.15        -3.05       -38.36        -9.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.05 kN-m. 
           -. End Moments (My2) =       13.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.05 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.05 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        9.43 kN-m. 
           -. End Moments (Mz2) =       38.36 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -9.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -9.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        14.469 kN-m. 
           -. Mrz        =        44.682 kN-m. 
           -. Mr         =        46.966 kN-m. 
           -. Pu/Pr      =   0.211  --->  O.K ! 
           -. Muy/Mry    =   0.211  --->  O.K ! 
           -. Muz/Mrz    =   0.211  --->  O.K ! 
           -. Mu/Mr      =   0.211  --->  O.K ! 
           -. Ratio      =   0.211  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5152.66 kN. 
           -. Vuz    =         20.22 kN. 
           -. Muy    =         -3.05 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.12 
 
           -. Vuy    =         57.85 kN. 
           -. Muz    =         -9.43 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.71 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       20.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1411.41 kN. 
           -. phiVcz    = phi * Vcz =     1270.27 kN. 
 
           -. Vuy       =       57.85 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1371.50 kN. 
           -. phiVcy    = phi * Vcy =     1234.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2207.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5737.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2207.32 kN. 
           -. phiVsz   = phi*Vsz =     1986.58 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2189.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5776.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2189.38 kN. 
           -. phiVsy   = phi*Vsy =     1970.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      61.278 kN. 
           -. Vr       =    3204.796 kN. 
           -. Ratio    = Vu / Vr = 0.019  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       68.09 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       68.09 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0081 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0081 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0081 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115129,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5169.32        -3.05         0.00        -9.43         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5169.32        -3.05         0.00        -9.43         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        3.05 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        9.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.212  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.212  --->  O.K ! 
           -. Ratio      =   0.212  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5169.32 kN. 
           -. Vuz    =          6.11 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =         18.87 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.07 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        6.11 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1385.57 kN. 
           -. phiVcz    = phi * Vcz =     1247.01 kN. 
 
           -. Vuy       =       18.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1385.57 kN. 
           -. phiVcy    = phi * Vcy =     1247.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2195.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5762.92 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2195.80 kN. 
           -. phiVsz   = phi*Vsz =     1976.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2195.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5762.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2195.80 kN. 
           -. phiVsy   = phi*Vsy =     1976.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      19.832 kN. 
           -. Vr       =    3223.232 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       22.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       22.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115202,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -833.78       766.14      1069.99       514.53       210.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -833.78       766.14      1069.99       514.53       210.61 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3121.059 kN. 
           -. Mry        =      4025.348 kN-m. 
           -. Mrz        =       792.339 kN-m. 
           -. Mr         =      4102.588 kN-m. 
           -. Pu/Pr      =   0.267  --->  O.K ! 
           -. Muy/Mry    =   0.266  --->  O.K ! 
           -. Muz/Mrz    =   0.266  --->  O.K ! 
           -. Mu/Mr      =   0.267  --->  O.K ! 
           -. Ratio      =   0.267  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4693.39 kN. 
           -. Vuz    =        494.08 kN. 
           -. Muy    =       -663.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
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           -. Vuy    =       1154.18 kN. 
           -. Muz    =       -387.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.35 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      494.08 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1103.28 kN. 
           -. phiVcz    = phi * Vcz =      992.95 kN. 
 
           -. Vuy       =     1154.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1059.89 kN. 
           -. phiVcy    = phi * Vcy =      953.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2043.44 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6045.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2043.44 kN. 
           -. phiVsz   = phi*Vsz =     1839.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2014.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6088.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2014.63 kN. 
           -. phiVsy   = phi*Vsy =     1813.17 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1255.486 kN. 
           -. Vr       =    2767.073 kN. 
           -. Ratio    = Vu / Vr = 0.454  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1394.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1394.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0026 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0026 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115203,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -821.92      1069.99      1360.00       210.61       293.78 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -821.92      1069.99      1360.00       210.61       293.78 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2529.628 kN. 
           -. Mry        =      4179.463 kN-m. 
           -. Mrz        =       910.492 kN-m. 
           -. Mr         =      4277.488 kN-m. 
           -. Pu/Pr      =   0.325  --->  O.K ! 
           -. Muy/Mry    =   0.325  --->  O.K ! 
           -. Muz/Mrz    =   0.323  --->  O.K ! 
           -. Mu/Mr      =   0.325  --->  O.K ! 
           -. Ratio      =   0.325  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4710.23 kN. 
           -. Vuz    =        464.32 kN. 
           -. Muy    =       -874.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.46 
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           -. Vuy    =       1102.17 kN. 
           -. Muz    =       -601.49 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.80 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.37 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      464.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1112.02 kN. 
           -. phiVcz    = phi * Vcz =     1000.81 kN. 
 
           -. Vuy       =     1102.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1068.63 kN. 
           -. phiVcy    = phi * Vcy =      961.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2049.03 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6036.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2049.03 kN. 
           -. phiVsz   = phi*Vsz =     1844.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2020.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6079.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2020.57 kN. 
           -. phiVsy   = phi*Vsy =     1818.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1195.979 kN. 
           -. Vr       =    2780.281 kN. 
           -. Ratio    = Vu / Vr = 0.430  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1328.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1328.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115204,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -810.05      1360.00      1617.51       293.78       579.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -810.05      1360.00      1617.51       293.78       579.88 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2080.724 kN. 
           -. Mry        =      4139.117 kN-m. 
           -. Mrz        =      1479.163 kN-m. 
           -. Mr         =      4395.476 kN-m. 
           -. Pu/Pr      =   0.389  --->  O.K ! 
           -. Muy/Mry    =   0.391  --->  O.K ! 
           -. Muz/Mrz    =   0.392  --->  O.K ! 
           -. Mu/Mr      =   0.392  --->  O.K ! 
           -. Ratio      =   0.392  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4727.06 kN. 
           -. Vuz    =        413.25 kN. 
           -. Muy    =      -1067.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.37 
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           -. Vuy    =       1011.13 kN. 
           -. Muz    =      -1039.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.27 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      413.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1068.48 kN. 
           -. phiVcz    = phi * Vcz =      961.63 kN. 
 
           -. Vuy       =     1011.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1025.14 kN. 
           -. phiVcy    = phi * Vcy =      922.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2020.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6080.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2020.47 kN. 
           -. phiVsz   = phi*Vsz =     1818.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1990.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6123.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1990.24 kN. 
           -. phiVsy   = phi*Vsy =     1791.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1092.318 kN. 
           -. Vr       =    2713.845 kN. 
           -. Ratio    = Vu / Vr = 0.402  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3074 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1213.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1213.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115205,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -798.19      1617.51      1848.26       579.88       875.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -798.19      1617.51      1848.26       579.88       875.38 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1741.134 kN. 
           -. Mry        =      4058.197 kN-m. 
           -. Mrz        =      1923.736 kN-m. 
           -. Mr         =      4491.072 kN-m. 
           -. Pu/Pr      =   0.458  --->  O.K ! 
           -. Muy/Mry    =   0.455  --->  O.K ! 
           -. Muz/Mrz    =   0.455  --->  O.K ! 
           -. Mu/Mr      =   0.458  --->  O.K ! 
           -. Ratio      =   0.458  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4743.89 kN. 
           -. Vuz    =        364.13 kN. 
           -. Muy    =      -1243.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =        921.73 kN. 
           -. Muz    =      -1449.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      364.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1028.87 kN. 
           -. phiVcz    = phi * Vcz =      925.98 kN. 
 
           -. Vuy       =      921.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      985.70 kN. 
           -. phiVcy    = phi * Vcy =      887.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1992.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6119.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1992.92 kN. 
           -. phiVsz   = phi*Vsz =     1793.63 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1961.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6162.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1961.03 kN. 
           -. phiVsy   = phi*Vsy =     1764.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     991.053 kN. 
           -. Vr       =    2652.052 kN. 
           -. Ratio    = Vu / Vr = 0.374  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1101.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1101.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1562.00      1258.51      1391.88      1296.88      1661.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1562.00      1258.51      1391.88      1296.88      1661.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2997.985 kN. 
           -. Mry        =      2661.646 kN-m. 
           -. Mrz        =      3173.247 kN-m. 
           -. Mr         =      4141.721 kN-m. 
           -. Pu/Pr      =   0.521  --->  O.K ! 
           -. Muy/Mry    =   0.523  --->  O.K ! 
           -. Muz/Mrz    =   0.524  --->  O.K ! 
           -. Mu/Mr      =   0.524  --->  O.K ! 
           -. Ratio      =   0.524  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4760.70 kN. 
           -. Vuz    =        279.03 kN. 
           -. Muy    =      -1384.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.23 
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           -. Vuy    =        763.40 kN. 
           -. Muz    =      -1786.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      279.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1006.48 kN. 
           -. phiVcz    = phi * Vcz =      905.83 kN. 
 
           -. Vuy       =      763.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      963.45 kN. 
           -. phiVcy    = phi * Vcy =      867.11 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1976.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6142.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1976.63 kN. 
           -. phiVsz   = phi*Vsz =     1778.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1943.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6185.03 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1943.77 kN. 
           -. phiVsy   = phi*Vsy =     1749.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     812.799 kN. 
           -. Vr       =    2616.506 kN. 
           -. Ratio    = Vu / Vr = 0.311  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      903.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      903.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115207,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1550.17      1391.88      1481.86      1661.63      1943.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1550.17      1391.88      1481.86      1661.63      1943.25 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2665.808 kN. 
           -. Mry        =      2557.966 kN-m. 
           -. Mrz        =      3375.873 kN-m. 
           -. Mr         =      4235.529 kN-m. 
           -. Pu/Pr      =   0.581  --->  O.K ! 
           -. Muy/Mry    =   0.579  --->  O.K ! 
           -. Muz/Mrz    =   0.576  --->  O.K ! 
           -. Mu/Mr      =   0.581  --->  O.K ! 
           -. Ratio      =   0.581  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4777.52 kN. 
           -. Vuz    =        188.63 kN. 
           -. Muy    =      -1481.07 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        590.92 kN. 
           -. Muz    =      -2042.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.11 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      188.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      995.44 kN. 
           -. phiVcz    = phi * Vcz =      895.90 kN. 
 
           -. Vuy       =      590.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      952.51 kN. 
           -. phiVcy    = phi * Vcy =      857.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1968.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6153.04 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1968.41 kN. 
           -. phiVsz   = phi*Vsz =     1771.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1935.06 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6195.98 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1935.06 kN. 
           -. phiVsy   = phi*Vsy =     1741.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     620.295 kN. 
           -. Vr       =    2598.812 kN. 
           -. Ratio    = Vu / Vr = 0.239  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      689.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      689.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115208,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1538.32      1481.86      1529.12      1943.25      2140.65 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1538.32      1481.86      1529.12      1943.25      2140.65 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2501.817 kN. 
           -. Mry        =      2482.780 kN-m. 
           -. Mrz        =      3494.641 kN-m. 
           -. Mr         =      4286.807 kN-m. 
           -. Pu/Pr      =   0.615  --->  O.K ! 
           -. Muy/Mry    =   0.616  --->  O.K ! 
           -. Muz/Mrz    =   0.613  --->  O.K ! 
           -. Mu/Mr      =   0.616  --->  O.K ! 
           -. Ratio      =   0.616  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4794.32 kN. 
           -. Vuz    =        101.65 kN. 
           -. Muy    =      -1533.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        418.86 kN. 
           -. Muz    =      -2216.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      101.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      993.72 kN. 
           -. phiVcz    = phi * Vcz =      894.35 kN. 
 
           -. Vuy       =      418.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      950.80 kN. 
           -. phiVcy    = phi * Vcy =      855.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1967.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6154.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1967.11 kN. 
           -. phiVsz   = phi*Vsz =     1770.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1933.69 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6197.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1933.69 kN. 
           -. phiVsy   = phi*Vsy =     1740.32 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     431.020 kN. 
           -. Vr       =    2596.041 kN. 
           -. Ratio    = Vu / Vr = 0.166  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      478.91 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      478.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3091 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115209,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1526.48      1529.12      1535.25      2140.65      2256.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1526.48      1529.12      1535.25      2140.65      2256.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2427.196 kN. 
           -. Mry        =      2417.278 kN-m. 
           -. Mrz        =      3565.275 kN-m. 
           -. Mr         =      4307.484 kN-m. 
           -. Pu/Pr      =   0.629  --->  O.K ! 
           -. Muy/Mry    =   0.635  --->  O.K ! 
           -. Muz/Mrz    =   0.633  --->  O.K ! 
           -. Mu/Mr      =   0.635  --->  O.K ! 
           -. Ratio      =   0.635  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4811.12 kN. 
           -. Vuz    =         32.73 kN. 
           -. Muy    =      -1544.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.21 
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           -. Vuy    =        253.16 kN. 
           -. Muz    =      -2311.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.12 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       32.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1000.06 kN. 
           -. phiVcz    = phi * Vcz =      900.06 kN. 
 
           -. Vuy       =      253.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      957.09 kN. 
           -. phiVcy    = phi * Vcy =      861.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1971.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6148.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1971.87 kN. 
           -. phiVsz   = phi*Vsz =     1774.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1938.73 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6191.40 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1938.73 kN. 
           -. phiVsy   = phi*Vsy =     1744.85 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     255.262 kN. 
           -. Vr       =    2606.233 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      283.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      283.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115210,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1514.62      1535.25      1503.77      2256.18      2295.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1514.62      1535.25      1503.77      2256.18      2295.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2390.481 kN. 
           -. Mry        =      2363.317 kN-m. 
           -. Mrz        =      3613.508 kN-m. 
           -. Mr         =      4317.720 kN-m. 
           -. Pu/Pr      =   0.634  --->  O.K ! 
           -. Muy/Mry    =   0.636  --->  O.K ! 
           -. Muz/Mrz    =   0.635  --->  O.K ! 
           -. Mu/Mr      =   0.636  --->  O.K ! 
           -. Ratio      =   0.636  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4035.41 kN. 
           -. Vuz    =        109.14 kN. 
           -. Muy    =      -2210.10 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         91.20 kN. 
           -. Muz    =      -1602.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.35 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.24 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      109.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1054.07 kN. 
           -. phiVcz    = phi * Vcz =      948.66 kN. 
 
           -. Vuy       =       91.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1010.78 kN. 
           -. phiVcy    = phi * Vcy =      909.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2010.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6094.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2010.63 kN. 
           -. phiVsz   = phi*Vsz =     1809.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1979.81 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6137.70 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1979.81 kN. 
           -. phiVsy   = phi*Vsy =     1781.82 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     142.229 kN. 
           -. Vr       =    2691.529 kN. 
           -. Ratio    = Vu / Vr = 0.053  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      158.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      158.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115211,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1514.75      1503.77      1441.21      2295.28      2268.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1514.75      1503.77      1441.21      2295.28      2268.87 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2390.481 kN. 
           -. Mry        =      2363.317 kN-m. 
           -. Mrz        =      3613.508 kN-m. 
           -. Mr         =      4317.720 kN-m. 
           -. Pu/Pr      =   0.634  --->  O.K ! 
           -. Muy/Mry    =   0.636  --->  O.K ! 
           -. Muz/Mrz    =   0.635  --->  O.K ! 
           -. Mu/Mr      =   0.636  --->  O.K ! 
           -. Ratio      =   0.636  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4052.16 kN. 
           -. Vuz    =        191.50 kN. 
           -. Muy    =      -2160.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =         73.82 kN. 
           -. Muz    =      -1614.75 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      191.50 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.61 kN. 
           -. phiVcz    = phi * Vcz =      945.55 kN. 
 
           -. Vuy       =       73.82 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1007.34 kN. 
           -. phiVcy    = phi * Vcy =      906.60 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2008.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6097.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2008.24 kN. 
           -. phiVsz   = phi*Vsz =     1807.41 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1977.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6141.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1977.27 kN. 
           -. phiVsy   = phi*Vsy =     1779.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.240 kN. 
           -. Vr       =    2686.145 kN. 
           -. Ratio    = Vu / Vr = 0.076  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      228.04 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      228.04 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115212,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1502.88      1441.21      1354.92      2268.87      2190.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1502.88      1441.21      1354.92      2268.87      2190.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2422.919 kN. 
           -. Mry        =      2309.757 kN-m. 
           -. Mrz        =      3636.405 kN-m. 
           -. Mr         =      4307.949 kN-m. 
           -. Pu/Pr      =   0.620  --->  O.K ! 
           -. Muy/Mry    =   0.624  --->  O.K ! 
           -. Muz/Mrz    =   0.624  --->  O.K ! 
           -. Mu/Mr      =   0.624  --->  O.K ! 
           -. Ratio      =   0.624  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4068.91 kN. 
           -. Vuz    =        254.59 kN. 
           -. Muy    =      -2067.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =        132.38 kN. 
           -. Muz    =      -1584.52 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      254.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1052.34 kN. 
           -. phiVcz    = phi * Vcz =      947.11 kN. 
 
           -. Vuy       =      132.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1009.06 kN. 
           -. phiVcy    = phi * Vcy =      908.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2009.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6096.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2009.43 kN. 
           -. phiVsz   = phi*Vsz =     1808.49 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1978.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6139.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1978.54 kN. 
           -. phiVsy   = phi*Vsy =     1780.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     286.951 kN. 
           -. Vr       =    2688.835 kN. 
           -. Ratio    = Vu / Vr = 0.107  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      318.83 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      318.83 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115213,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1491.00      1354.92      1251.05      2190.28      2071.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1491.00      1354.92      1251.05      2190.28      2071.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2490.325 kN. 
           -. Mry        =      2257.862 kN-m. 
           -. Mrz        =      3645.484 kN-m. 
           -. Mr         =      4288.064 kN-m. 
           -. Pu/Pr      =   0.599  --->  O.K ! 
           -. Muy/Mry    =   0.600  --->  O.K ! 
           -. Muz/Mrz    =   0.601  --->  O.K ! 
           -. Mu/Mr      =   0.601  --->  O.K ! 
           -. Ratio      =   0.601  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4085.65 kN. 
           -. Vuz    =        302.93 kN. 
           -. Muy    =      -1941.01 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        182.94 kN. 
           -. Muz    =      -1520.39 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.25 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      302.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1061.14 kN. 
           -. phiVcz    = phi * Vcz =      955.03 kN. 
 
           -. Vuy       =      182.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1017.82 kN. 
           -. phiVcy    = phi * Vcy =      916.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2015.48 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6087.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2015.48 kN. 
           -. phiVsz   = phi*Vsz =     1813.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1984.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6130.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1984.95 kN. 
           -. phiVsy   = phi*Vsy =     1786.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     353.883 kN. 
           -. Vr       =    2702.500 kN. 
           -. Ratio    = Vu / Vr = 0.131  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      393.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      393.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115214,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1479.12      1251.05      1135.13      2071.09      1923.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1479.12      1251.05      1135.13      2071.09      1923.62 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2592.707 kN. 
           -. Mry        =      2204.796 kN-m. 
           -. Mrz        =      3642.653 kN-m. 
           -. Mr         =      4257.939 kN-m. 
           -. Pu/Pr      =   0.570  --->  O.K ! 
           -. Muy/Mry    =   0.567  --->  O.K ! 
           -. Muz/Mrz    =   0.569  --->  O.K ! 
           -. Mu/Mr      =   0.570  --->  O.K ! 
           -. Ratio      =   0.570  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4878.36 kN. 
           -. Vuz    =        231.94 kN. 
           -. Muy    =      -1268.22 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.26 
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           -. Vuy    =        316.67 kN. 
           -. Muz    =      -2070.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.67 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.17 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      231.94 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1022.19 kN. 
           -. phiVcz    = phi * Vcz =      919.97 kN. 
 
           -. Vuy       =      316.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      979.06 kN. 
           -. phiVcy    = phi * Vcy =      881.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1988.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6126.30 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1988.12 kN. 
           -. phiVsz   = phi*Vsz =     1789.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1955.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6169.43 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1955.94 kN. 
           -. phiVsy   = phi*Vsy =     1760.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     392.527 kN. 
           -. Vr       =    2641.497 kN. 
           -. Ratio    = Vu / Vr = 0.149  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3114 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      436.14 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      436.14 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115215,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1467.23      1135.13      1012.40      1923.62      1756.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1467.23      1135.13      1012.40      1923.62      1756.30 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3116 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2764.928 kN. 
           -. Mry        =      2141.368 kN-m. 
           -. Mrz        =      3621.376 kN-m. 
           -. Mr         =      4207.116 kN-m. 
           -. Pu/Pr      =   0.531  --->  O.K ! 
           -. Muy/Mry    =   0.530  --->  O.K ! 
           -. Muz/Mrz    =   0.531  --->  O.K ! 
           -. Mu/Mr      =   0.531  --->  O.K ! 
           -. Ratio      =   0.531  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4895.12 kN. 
           -. Vuz    =        246.32 kN. 
           -. Muy    =      -1152.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.07 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
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           -. Vuy    =        352.38 kN. 
           -. Muz    =      -1915.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.21 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      246.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1039.50 kN. 
           -. phiVcz    = phi * Vcz =      935.55 kN. 
 
           -. Vuy       =      352.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      996.27 kN. 
           -. phiVcy    = phi * Vcy =      896.64 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2000.47 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6108.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2000.47 kN. 
           -. phiVsz   = phi*Vsz =     1800.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1969.03 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6152.22 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1969.03 kN. 
           -. phiVsy   = phi*Vsy =     1772.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     429.937 kN. 
           -. Vr       =    2668.768 kN. 
           -. Ratio    = Vu / Vr = 0.161  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      477.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      477.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
8.6588e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-8.6588e-005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115216,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1455.33      1012.40       886.15      1756.30      1575.64 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1455.33      1012.40       886.15      1756.30      1575.64 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2974.975 kN. 
           -. Mry        =      2071.812 kN-m. 
           -. Mrz        =      3590.095 kN-m. 
           -. Mr         =      4145.019 kN-m. 
           -. Pu/Pr      =   0.489  --->  O.K ! 
           -. Muy/Mry    =   0.489  --->  O.K ! 
           -. Muz/Mrz    =   0.489  --->  O.K ! 
           -. Mu/Mr      =   0.489  --->  O.K ! 
           -. Ratio      =   0.489  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4911.87 kN. 
           -. Vuz    =        253.99 kN. 
           -. Muy    =      -1029.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        375.27 kN. 
           -. Muz    =      -1741.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.25 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      253.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1061.15 kN. 
           -. phiVcz    = phi * Vcz =      955.04 kN. 
 
           -. Vuy       =      375.27 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1017.84 kN. 
           -. phiVcy    = phi * Vcy =      916.05 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2015.49 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6087.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2015.49 kN. 
           -. phiVsz   = phi*Vsz =     1813.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1984.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6130.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1984.96 kN. 
           -. phiVsy   = phi*Vsy =     1786.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     453.140 kN. 
           -. Vr       =    2702.519 kN. 
           -. Ratio    = Vu / Vr = 0.168  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      503.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      503.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115217,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1443.43       886.15       759.01      1575.64      1387.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1443.43       886.15       759.01      1575.64      1387.19 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3260.420 kN. 
           -. Mry        =      1988.124 kN-m. 
           -. Mrz        =      3540.300 kN-m. 
           -. Mr         =      4060.340 kN-m. 
           -. Pu/Pr      =   0.443  --->  O.K ! 
           -. Muy/Mry    =   0.446  --->  O.K ! 
           -. Muz/Mrz    =   0.445  --->  O.K ! 
           -. Mu/Mr      =   0.446  --->  O.K ! 
           -. Ratio      =   0.446  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4928.61 kN. 
           -. Vuz    =        256.29 kN. 
           -. Muy    =       -902.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.40 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3125 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        387.74 kN. 
           -. Muz    =      -1555.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.31 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      256.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1086.49 kN. 
           -. phiVcz    = phi * Vcz =      977.84 kN. 
 
           -. Vuy       =      387.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1043.11 kN. 
           -. phiVcy    = phi * Vcy =      938.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2032.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6062.00 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2032.50 kN. 
           -. phiVsz   = phi*Vsz =     1829.25 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2003.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6105.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2003.01 kN. 
           -. phiVsy   = phi*Vsy =     1802.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     464.787 kN. 
           -. Vr       =    2741.512 kN. 
           -. Ratio    = Vu / Vr = 0.170  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      516.43 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      516.43 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115218,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1431.52       759.01       633.32      1387.19      1194.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1431.52       759.01       633.32      1387.19      1194.46 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3589.706 kN. 
           -. Mry        =      1892.850 kN-m. 
           -. Mrz        =      3481.242 kN-m. 
           -. Mr         =      3962.565 kN-m. 
           -. Pu/Pr      =   0.399  --->  O.K ! 
           -. Muy/Mry    =   0.401  --->  O.K ! 
           -. Muz/Mrz    =   0.398  --->  O.K ! 
           -. Mu/Mr      =   0.401  --->  O.K ! 
           -. Ratio      =   0.401  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4945.35 kN. 
           -. Vuz    =        253.88 kN. 
           -. Muy    =       -774.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
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           -. Vuy    =        393.43 kN. 
           -. Muz    =      -1363.03 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.37 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      253.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1114.81 kN. 
           -. phiVcz    = phi * Vcz =     1003.33 kN. 
 
           -. Vuy       =      393.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1071.43 kN. 
           -. phiVcy    = phi * Vcy =      964.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2050.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6033.67 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2050.81 kN. 
           -. phiVsz   = phi*Vsz =     1845.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2022.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6077.06 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2022.46 kN. 
           -. phiVsy   = phi*Vsy =     1820.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     468.231 kN. 
           -. Vr       =    2784.503 kN. 
           -. Ratio    = Vu / Vr = 0.168  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      520.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      520.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115219,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1419.60       633.32       515.35      1194.46      1001.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1419.60       633.32       515.35      1194.46      1001.84 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4021.905 kN. 
           -. Mry        =      1786.968 kN-m. 
           -. Mrz        =      3389.599 kN-m. 
           -. Mr         =      3831.793 kN-m. 
           -. Pu/Pr      =   0.353  --->  O.K ! 
           -. Muy/Mry    =   0.354  --->  O.K ! 
           -. Muz/Mrz    =   0.352  --->  O.K ! 
           -. Mu/Mr      =   0.354  --->  O.K ! 
           -. Ratio      =   0.354  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4962.08 kN. 
           -. Vuz    =        239.12 kN. 
           -. Muy    =       -647.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.54 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3133 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        386.82 kN. 
           -. Muz    =      -1167.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      239.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1146.95 kN. 
           -. phiVcz    = phi * Vcz =     1032.26 kN. 
 
           -. Vuy       =      386.82 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1103.63 kN. 
           -. phiVcy    = phi * Vcy =      993.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2070.76 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6001.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2070.76 kN. 
           -. phiVsz   = phi*Vsz =     1863.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2043.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6044.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2043.66 kN. 
           -. phiVsy   = phi*Vsy =     1839.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     454.765 kN. 
           -. Vr       =    2832.562 kN. 
           -. Ratio    = Vu / Vr = 0.161  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      505.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      505.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115220,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1407.68       515.35       408.08      1001.84       817.31 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1407.68       515.35       408.08      1001.84       817.31 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4544.981 kN. 
           -. Mry        =      1674.076 kN-m. 
           -. Mrz        =      3254.616 kN-m. 
           -. Mr         =      3659.926 kN-m. 
           -. Pu/Pr      =   0.310  --->  O.K ! 
           -. Muy/Mry    =   0.308  --->  O.K ! 
           -. Muz/Mrz    =   0.308  --->  O.K ! 
           -. Mu/Mr      =   0.310  --->  O.K ! 
           -. Ratio      =   0.310  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4978.81 kN. 
           -. Vuz    =        218.15 kN. 
           -. Muy    =       -528.16 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =        366.67 kN. 
           -. Muz    =       -974.54 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      218.15 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1182.01 kN. 
           -. phiVcz    = phi * Vcz =     1063.81 kN. 
 
           -. Vuy       =      366.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1138.84 kN. 
           -. phiVcy    = phi * Vcy =     1024.96 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2091.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5966.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2091.56 kN. 
           -. phiVsz   = phi*Vsz =     1882.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2065.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6009.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2065.80 kN. 
           -. phiVsy   = phi*Vsy =     1859.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     426.658 kN. 
           -. Vr       =    2884.177 kN. 
           -. Ratio    = Vu / Vr = 0.148  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      474.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      474.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115221,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1395.75       408.08       313.27       817.31       646.54 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1395.75       408.08       313.27       817.31       646.54 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5226.923 kN. 
           -. Mry        =      1539.362 kN-m. 
           -. Mrz        =      3069.908 kN-m. 
           -. Mr         =      3434.235 kN-m. 
           -. Pu/Pr      =   0.267  --->  O.K ! 
           -. Muy/Mry    =   0.265  --->  O.K ! 
           -. Muz/Mrz    =   0.266  --->  O.K ! 
           -. Mu/Mr      =   0.267  --->  O.K ! 
           -. Ratio      =   0.267  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4995.52 kN. 
           -. Vuz    =        193.37 kN. 
           -. Muy    =       -419.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
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           -. Vuy    =        336.54 kN. 
           -. Muz    =       -791.33 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      193.37 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1218.54 kN. 
           -. phiVcz    = phi * Vcz =     1096.69 kN. 
 
           -. Vuy       =      336.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1175.62 kN. 
           -. phiVcy    = phi * Vcy =     1058.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2112.25 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5929.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2112.25 kN. 
           -. phiVsz   = phi*Vsz =     1901.02 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2087.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5972.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2087.84 kN. 
           -. phiVsy   = phi*Vsy =     1879.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     388.132 kN. 
           -. Vr       =    2937.113 kN. 
           -. Ratio    = Vu / Vr = 0.132  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      431.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      431.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115222,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5012.23      -322.50      -239.19      -623.12      -473.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5012.23      -322.50      -239.19      -623.12      -473.24 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      239.19 kN-m. 
           -. End Moments (My2) =      322.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -322.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -322.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      473.24 kN-m. 
           -. End Moments (Mz2) =      623.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -623.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -623.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     21649.613 kN. 
           -. Mry        =      1382.985 kN-m. 
           -. Mrz        =      2668.905 kN-m. 
           -. Mr         =      3005.944 kN-m. 
           -. Pu/Pr      =   0.232  --->  O.K ! 
           -. Muy/Mry    =   0.233  --->  O.K ! 
           -. Muz/Mrz    =   0.233  --->  O.K ! 
           -. Mu/Mr      =   0.233  --->  O.K ! 
           -. Ratio      =   0.233  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5012.23 kN. 
           -. Vuz    =        166.68 kN. 
           -. Muy    =       -322.50 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        299.80 kN. 
           -. Muz    =       -623.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.68 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.68 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      166.68 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1255.15 kN. 
           -. phiVcz    = phi * Vcz =     1129.63 kN. 
 
           -. Vuy       =      299.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1212.58 kN. 
           -. phiVcy    = phi * Vcy =     1091.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2132.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5893.34 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2132.04 kN. 
           -. phiVsz   = phi*Vsz =     1918.83 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2108.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5935.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2108.94 kN. 
           -. phiVsy   = phi*Vsy =     1898.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     343.019 kN. 
           -. Vr       =    2989.371 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      381.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      381.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0052 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0052 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0052 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115223,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5028.94      -239.19      -169.48      -473.24      -343.73 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5028.94      -239.19      -169.48      -473.24      -343.73 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      169.48 kN-m. 
           -. End Moments (My2) =      239.19 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -239.19 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -239.19 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      343.73 kN-m. 
           -. End Moments (Mz2) =      473.24 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -473.24 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -473.24 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     23479.856 kN. 
           -. Mry        =      1110.326 kN-m. 
           -. Mrz        =      2211.388 kN-m. 
           -. Mr         =      2474.482 kN-m. 
           -. Pu/Pr      =   0.214  --->  O.K ! 
           -. Muy/Mry    =   0.215  --->  O.K ! 
           -. Muz/Mrz    =   0.214  --->  O.K ! 
           -. Mu/Mr      =   0.215  --->  O.K ! 
           -. Ratio      =   0.215  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5028.94 kN. 
           -. Vuz    =        139.47 kN. 
           -. Muy    =       -239.19 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.17 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.86 
 
           -. Vuy    =        259.15 kN. 
           -. Muz    =       -473.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.44 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.76 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      139.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1290.59 kN. 
           -. phiVcz    = phi * Vcz =     1161.53 kN. 
 
           -. Vuy       =      259.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1248.47 kN. 
           -. phiVcy    = phi * Vcy =     1123.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2150.36 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5857.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2150.36 kN. 
           -. phiVsz   = phi*Vsz =     1935.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2128.50 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5900.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2128.50 kN. 
           -. phiVsy   = phi*Vsy =     1915.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     294.297 kN. 
           -. Vr       =    3039.269 kN. 
           -. Ratio    = Vu / Vr = 0.097  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      327.00 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      327.00 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0058 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0058 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0058 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115224,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5062.29      -169.48      -113.06      -343.73      -235.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5062.29      -169.48      -113.06      -343.73      -235.40 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      113.06 kN-m. 
           -. End Moments (My2) =      169.48 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -113.06 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -113.06 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      235.40 kN-m. 
           -. End Moments (Mz2) =      343.73 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -235.40 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -235.40 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       545.286 kN-m. 
           -. Mrz        =      1134.716 kN-m. 
           -. Mr         =      1258.935 kN-m. 
           -. Pu/Pr      =   0.207  --->  O.K ! 
           -. Muy/Mry    =   0.207  --->  O.K ! 
           -. Muz/Mrz    =   0.207  --->  O.K ! 
           -. Mu/Mr      =   0.207  --->  O.K ! 
           -. Ratio      =   0.207  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5045.63 kN. 
           -. Vuz    =        112.88 kN. 
           -. Muy    =       -169.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.93 
 
           -. Vuy    =        216.80 kN. 
           -. Muz    =       -343.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.84 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1323.74 kN. 
           -. phiVcz    = phi * Vcz =     1191.36 kN. 
 
           -. Vuy       =      216.80 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1282.11 kN. 
           -. phiVcy    = phi * Vcy =     1153.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2166.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5824.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2166.80 kN. 
           -. phiVsz   = phi*Vsz =     1950.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2146.05 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5866.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2146.05 kN. 
           -. phiVsy   = phi*Vsy =     1931.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     244.424 kN. 
           -. Vr       =    3085.350 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      271.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      271.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0064 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0064 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0064 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115225,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5078.98      -113.06       -69.24      -235.40      -148.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5078.98      -113.06       -69.24      -235.40      -148.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       69.24 kN-m. 
           -. End Moments (My2) =      113.06 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -69.24 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -69.24 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      148.27 kN-m. 
           -. End Moments (Mz2) =      235.40 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -148.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -148.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       332.649 kN-m. 
           -. Mrz        =       712.491 kN-m. 
           -. Mr         =       786.319 kN-m. 
           -. Pu/Pr      =   0.208  --->  O.K ! 
           -. Muy/Mry    =   0.208  --->  O.K ! 
           -. Muz/Mrz    =   0.208  --->  O.K ! 
           -. Mu/Mr      =   0.208  --->  O.K ! 
           -. Ratio      =   0.208  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5062.32 kN. 
           -. Vuz    =         87.65 kN. 
           -. Muy    =       -113.06 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
 
           -. Vuy    =        174.28 kN. 
           -. Muz    =       -235.40 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.91 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       87.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1353.68 kN. 
           -. phiVcz    = phi * Vcz =     1218.32 kN. 
 
           -. Vuy       =      174.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1312.58 kN. 
           -. phiVcy    = phi * Vcy =     1181.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2181.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5794.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2181.11 kN. 
           -. phiVsz   = phi*Vsz =     1963.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2161.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5835.90 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2161.34 kN. 
           -. phiVsy   = phi*Vsy =     1945.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     195.075 kN. 
           -. Vr       =    3126.533 kN. 
           -. Ratio    = Vu / Vr = 0.062  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      216.75 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      216.75 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0069 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0069 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0069 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115226,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5095.66       -69.24       -37.11      -148.27       -81.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5095.66       -69.24       -37.11      -148.27       -81.95 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       37.11 kN-m. 
           -. End Moments (My2) =       69.24 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -37.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -37.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       81.95 kN-m. 
           -. End Moments (Mz2) =      148.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -81.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -81.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       177.589 kN-m. 
           -. Mrz        =       392.568 kN-m. 
           -. Mr         =       430.869 kN-m. 
           -. Pu/Pr      =   0.209  --->  O.K ! 
           -. Muy/Mry    =   0.209  --->  O.K ! 
           -. Muz/Mrz    =   0.209  --->  O.K ! 
           -. Mu/Mr      =   0.209  --->  O.K ! 
           -. Ratio      =   0.209  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5079.01 kN. 
           -. Vuz    =         64.27 kN. 
           -. Muy    =        -69.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.05 
 
           -. Vuy    =        132.65 kN. 
           -. Muz    =       -148.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       64.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1379.74 kN. 
           -. phiVcz    = phi * Vcz =     1241.76 kN. 
 
           -. Vuy       =      132.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1339.14 kN. 
           -. phiVcy    = phi * Vcy =     1205.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2193.15 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5768.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2193.15 kN. 
           -. phiVsz   = phi*Vsz =     1973.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2174.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5809.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2174.22 kN. 
           -. phiVsy   = phi*Vsy =     1956.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     147.399 kN. 
           -. Vr       =    3162.031 kN. 
           -. Ratio    = Vu / Vr = 0.047  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      163.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      163.78 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0074 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0074 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0074 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115227,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5112.34       -37.11       -15.62       -81.95       -35.72 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5112.34       -37.11       -15.62       -81.95       -35.72 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       15.62 kN-m. 
           -. End Moments (My2) =       37.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -15.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -15.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       35.72 kN-m. 
           -. End Moments (Mz2) =       81.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -35.72 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -35.72 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        74.412 kN-m. 
           -. Mrz        =       170.571 kN-m. 
           -. Mr         =       186.096 kN-m. 
           -. Pu/Pr      =   0.209  --->  O.K ! 
           -. Muy/Mry    =   0.210  --->  O.K ! 
           -. Muz/Mrz    =   0.209  --->  O.K ! 
           -. Mu/Mr      =   0.210  --->  O.K ! 
           -. Ratio      =   0.210  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5112.34 kN. 
           -. Vuz    =         43.00 kN. 
           -. Muy    =        -15.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.10 
 
           -. Vuy    =         92.47 kN. 
           -. Muz    =        -35.72 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       43.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1400.31 kN. 
           -. phiVcz    = phi * Vcz =     1260.28 kN. 
 
           -. Vuy       =       92.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1360.16 kN. 
           -. phiVcy    = phi * Vcy =     1224.14 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2202.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5748.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2202.41 kN. 
           -. phiVsz   = phi*Vsz =     1982.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2184.13 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5788.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2184.13 kN. 
           -. phiVsy   = phi*Vsy =     1965.72 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     101.980 kN. 
           -. Vr       =    3189.861 kN. 
           -. Ratio    = Vu / Vr = 0.032  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      113.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      113.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0079 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0079 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0079 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115228,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5129.01       -15.62        -3.62       -35.72        -8.71 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5129.01       -15.62        -3.62       -35.72        -8.71 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        3.62 kN-m. 
           -. End Moments (My2) =       15.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -3.62 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -3.62 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.71 kN-m. 
           -. End Moments (Mz2) =       35.72 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.71 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.71 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        17.294 kN-m. 
           -. Mrz        =        41.401 kN-m. 
           -. Mr         =        44.868 kN-m. 
           -. Pu/Pr      =   0.210  --->  O.K ! 
           -. Muy/Mry    =   0.210  --->  O.K ! 
           -. Muz/Mrz    =   0.210  --->  O.K ! 
           -. Mu/Mr      =   0.210  --->  O.K ! 
           -. Ratio      =   0.210  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5129.01 kN. 
           -. Vuz    =         23.99 kN. 
           -. Muy    =         -3.62 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.13 
 
           -. Vuy    =         54.03 kN. 
           -. Muz    =         -8.71 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       23.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1414.36 kN. 
           -. phiVcz    = phi * Vcz =     1272.93 kN. 
 
           -. Vuy       =       54.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1374.52 kN. 
           -. phiVcy    = phi * Vcy =     1237.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2208.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5734.12 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2208.61 kN. 
           -. phiVsz   = phi*Vsz =     1987.75 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2190.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5773.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2190.77 kN. 
           -. phiVsy   = phi*Vsy =     1971.69 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      59.113 kN. 
           -. Vr       =    3208.766 kN. 
           -. Ratio    = Vu / Vr = 0.018  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       65.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       65.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0081 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0081 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0081 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =115229,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5145.67        -3.62         0.00        -8.71         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5145.67        -3.62         0.00        -8.71         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        3.62 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3172 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        8.71 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.211  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.211  --->  O.K ! 
           -. Ratio      =   0.211  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5145.67 kN. 
           -. Vuz    =          7.25 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.07 
 
           -. Vuy    =         17.41 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.62 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.07 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        7.25 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1388.20 kN. 
           -. phiVcz    = phi * Vcz =     1249.38 kN. 
 
           -. Vuy       =       17.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1388.20 kN. 
           -. phiVcy    = phi * Vcy =     1249.38 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2196.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5760.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2196.99 kN. 
           -. phiVsz   = phi*Vsz =     1977.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2196.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5760.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2196.99 kN. 
           -. phiVsy   = phi*Vsy =     1977.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      18.859 kN. 
           -. Vr       =    3226.669 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       20.95 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       20.95 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116002,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1081.55       896.18      1075.33      2152.57      2334.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1081.55       896.18      1075.33      2152.57      2334.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      896.18 kN-m. 
           -. End Moments (My2) =     1075.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1075.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1075.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2152.57 kN-m. 
           -. End Moments (Mz2) =     2334.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2334.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2334.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2174.145 kN. 
           -. Mry        =      2151.404 kN-m. 
           -. Mrz        =      4674.261 kN-m. 
           -. Mr         =      5145.606 kN-m. 
           -. Pu/Pr      =   0.497  --->  O.K ! 
           -. Muy/Mry    =   0.500  --->  O.K ! 
           -. Muz/Mrz    =   0.499  --->  O.K ! 
           -. Mu/Mr      =   0.500  --->  O.K ! 
           -. Ratio      =   0.500  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2697.89 kN. 
           -. Vuz    =        573.39 kN. 
           -. Muy    =      -1591.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.28 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.50 
 
           -. Vuy    =        288.69 kN. 
           -. Muz    =      -1620.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.64 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.41 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      573.39 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1130.52 kN. 
           -. phiVcz    = phi * Vcz =     1017.47 kN. 
 
           -. Vuy       =      288.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1087.16 kN. 
           -. phiVcy    = phi * Vcy =      978.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2060.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6017.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2060.67 kN. 
           -. phiVsz   = phi*Vsz =     1854.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2032.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6061.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2032.94 kN. 
           -. phiVsy   = phi*Vsy =     1829.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     641.962 kN. 
           -. Vr       =    2808.086 kN. 
           -. Ratio    = Vu / Vr = 0.229  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      713.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      713.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3179 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116003,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1093.53      1075.33      1229.39      2334.12      2460.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1093.53      1075.33      1229.39      2334.12      2460.87 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1075.33 kN-m. 
           -. End Moments (My2) =     1229.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1229.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1229.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2334.12 kN-m. 
           -. End Moments (Mz2) =     2460.87 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2460.87 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2460.87 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2042.254 kN. 
           -. Mry        =      2294.370 kN-m. 
           -. Mrz        =      4594.316 kN-m. 
           -. Mr         =      5135.355 kN-m. 
           -. Pu/Pr      =   0.535  --->  O.K ! 
           -. Muy/Mry    =   0.536  --->  O.K ! 
           -. Muz/Mrz    =   0.536  --->  O.K ! 
           -. Mu/Mr      =   0.536  --->  O.K ! 
           -. Ratio      =   0.536  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2714.55 kN. 
           -. Vuz    =        456.99 kN. 
           -. Muy    =      -1808.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        209.31 kN. 
           -. Muz    =      -1706.29 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3182 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      456.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1116.86 kN. 
           -. phiVcz    = phi * Vcz =     1005.18 kN. 
 
           -. Vuy       =      209.31 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1073.48 kN. 
           -. phiVcy    = phi * Vcy =      966.13 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6031.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.11 kN. 
           -. phiVsz   = phi*Vsz =     1846.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2023.84 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6075.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2023.84 kN. 
           -. phiVsy   = phi*Vsy =     1821.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     502.648 kN. 
           -. Vr       =    2787.586 kN. 
           -. Ratio    = Vu / Vr = 0.180  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      558.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      558.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116004,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1105.51      1229.39      1346.13      2460.87      2531.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1105.51      1229.39      1346.13      2460.87      2531.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1229.39 kN-m. 
           -. End Moments (My2) =     1346.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1346.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1346.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2460.87 kN-m. 
           -. End Moments (Mz2) =     2531.00 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2531.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2531.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1959.772 kN. 
           -. Mry        =      2407.581 kN-m. 
           -. Mrz        =      4526.168 kN-m. 
           -. Mr         =      5126.660 kN-m. 
           -. Pu/Pr      =   0.564  --->  O.K ! 
           -. Muy/Mry    =   0.559  --->  O.K ! 
           -. Muz/Mrz    =   0.559  --->  O.K ! 
           -. Mu/Mr      =   0.564  --->  O.K ! 
           -. Ratio      =   0.564  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2731.22 kN. 
           -. Vuz    =        330.76 kN. 
           -. Muy    =      -1969.29 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.46 
 
           -. Vuy    =        125.00 kN. 
           -. Muz    =      -1753.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.37 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      330.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1113.00 kN. 
           -. phiVcz    = phi * Vcz =     1001.70 kN. 
 
           -. Vuy       =      125.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1069.62 kN. 
           -. phiVcy    = phi * Vcy =      962.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2049.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6035.48 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2049.66 kN. 
           -. phiVsz   = phi*Vsz =     1844.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2021.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6078.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2021.24 kN. 
           -. phiVsy   = phi*Vsy =     1819.12 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     353.595 kN. 
           -. Vr       =    2781.772 kN. 
           -. Ratio    = Vu / Vr = 0.127  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      392.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      392.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116005,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1117.49      1346.13      1418.35      2531.00      2551.30 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1117.49      1346.13      1418.35      2531.00      2551.30 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1346.13 kN-m. 
           -. End Moments (My2) =     1418.35 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1418.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1418.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2531.00 kN-m. 
           -. End Moments (Mz2) =     2551.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2551.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2551.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1966.794 kN. 
           -. Mry        =      2492.542 kN-m. 
           -. Mrz        =      4477.686 kN-m. 
           -. Mr         =      5124.689 kN-m. 
           -. Pu/Pr      =   0.568  --->  O.K ! 
           -. Muy/Mry    =   0.569  --->  O.K ! 
           -. Muz/Mrz    =   0.570  --->  O.K ! 
           -. Mu/Mr      =   0.570  --->  O.K ! 
           -. Ratio      =   0.570  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2747.88 kN. 
           -. Vuz    =        200.78 kN. 
           -. Muy    =      -2066.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =         43.76 kN. 
           -. Muz    =      -1769.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      200.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1117.86 kN. 
           -. phiVcz    = phi * Vcz =     1006.07 kN. 
 
           -. Vuy       =       43.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1074.47 kN. 
           -. phiVcy    = phi * Vcy =      967.03 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6030.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.74 kN. 
           -. phiVsz   = phi*Vsz =     1847.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2024.51 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6074.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2024.51 kN. 
           -. phiVsy   = phi*Vsy =     1822.06 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     205.493 kN. 
           -. Vr       =    2789.085 kN. 
           -. Ratio    = Vu / Vr = 0.074  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      228.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      228.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0044 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0044 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0044 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116006,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1117.49      1418.35      1446.79      2551.30      2515.66 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1117.49      1418.35      1446.79      2551.30      2515.66 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1418.35 kN-m. 
           -. End Moments (My2) =     1446.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1418.35 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1418.35 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2515.66 kN-m. 
           -. End Moments (Mz2) =     2551.30 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2551.30 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2551.30 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      1966.794 kN. 
           -. Mry        =      2492.542 kN-m. 
           -. Mrz        =      4477.686 kN-m. 
           -. Mr         =      5124.689 kN-m. 
           -. Pu/Pr      =   0.568  --->  O.K ! 
           -. Muy/Mry    =   0.569  --->  O.K ! 
           -. Muz/Mrz    =   0.570  --->  O.K ! 
           -. Mu/Mr      =   0.570  --->  O.K ! 
           -. Ratio      =   0.570  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2787.66 kN. 
           -. Vuz    =         59.77 kN. 
           -. Muy    =      -1378.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
 
           -. Vuy    =         94.54 kN. 
           -. Muz    =      -2555.98 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       59.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1102.29 kN. 
           -. phiVcz    = phi * Vcz =      992.06 kN. 
 
           -. Vuy       =       94.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1058.91 kN. 
           -. phiVcy    = phi * Vcy =      953.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6046.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.80 kN. 
           -. phiVsz   = phi*Vsz =     1838.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2013.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6089.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2013.96 kN. 
           -. phiVsy   = phi*Vsy =     1812.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     111.853 kN. 
           -. Vr       =    2765.575 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      124.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      124.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116007,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1129.47      1446.79      1439.26      2515.66      2432.38 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1129.47      1446.79      1439.26      2515.66      2432.38 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1439.26 kN-m. 
           -. End Moments (My2) =     1446.79 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3196 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1446.79 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1446.79 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2432.38 kN-m. 
           -. End Moments (Mz2) =     2515.66 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2515.66 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2515.66 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2000.121 kN. 
           -. Mry        =      2552.759 kN-m. 
           -. Mrz        =      4450.476 kN-m. 
           -. Mr         =      5130.625 kN-m. 
           -. Pu/Pr      =   0.565  --->  O.K ! 
           -. Muy/Mry    =   0.567  --->  O.K ! 
           -. Muz/Mrz    =   0.565  --->  O.K ! 
           -. Mu/Mr      =   0.567  --->  O.K ! 
           -. Ratio      =   0.567  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2804.32 kN. 
           -. Vuz    =         32.92 kN. 
           -. Muy    =      -1405.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
 
           -. Vuy    =        183.49 kN. 
           -. Muz    =      -2521.74 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       32.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1095.28 kN. 
           -. phiVcz    = phi * Vcz =      985.75 kN. 
 
           -. Vuy       =      183.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1051.89 kN. 
           -. phiVcy    = phi * Vcy =      946.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2038.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6053.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2038.26 kN. 
           -. phiVsz   = phi*Vsz =     1834.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2009.12 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6096.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2009.12 kN. 
           -. phiVsy   = phi*Vsy =     1808.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     186.416 kN. 
           -. Vr       =    2754.915 kN. 
           -. Ratio    = Vu / Vr = 0.068  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      207.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      207.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0048 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0048 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116008,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1141.45      1439.26      1402.11      2432.38      2310.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1141.45      1439.26      1402.11      2432.38      2310.98 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1402.11 kN-m. 
           -. End Moments (My2) =     1439.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1439.26 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1439.26 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2310.98 kN-m. 
           -. End Moments (Mz2) =     2432.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2432.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2432.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2073.899 kN. 
           -. Mry        =      2611.143 kN-m. 
           -. Mrz        =      4420.107 kN-m. 
           -. Mr         =      5133.752 kN-m. 
           -. Pu/Pr      =   0.550  --->  O.K ! 
           -. Muy/Mry    =   0.551  --->  O.K ! 
           -. Muz/Mrz    =   0.550  --->  O.K ! 
           -. Mu/Mr      =   0.551  --->  O.K ! 
           -. Ratio      =   0.551  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2820.99 kN. 
           -. Vuz    =         81.70 kN. 
           -. Muy    =      -1397.97 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.42 
 
           -. Vuy    =        255.46 kN. 
           -. Muz    =      -2439.48 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.33 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       81.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1094.95 kN. 
           -. phiVcz    = phi * Vcz =      985.45 kN. 
 
           -. Vuy       =      255.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1051.56 kN. 
           -. phiVcy    = phi * Vcy =      946.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2038.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6053.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2038.04 kN. 
           -. phiVsz   = phi*Vsz =     1834.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2008.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6096.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2008.90 kN. 
           -. phiVsy   = phi*Vsy =     1808.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     268.205 kN. 
           -. Vr       =    2754.416 kN. 
           -. Ratio    = Vu / Vr = 0.097  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      298.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      298.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0047 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116009,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1153.44      1402.11      1341.14      2310.98      2159.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1153.44      1402.11      1341.14      2310.98      2159.94 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1341.14 kN-m. 
           -. End Moments (My2) =     1402.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1402.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1402.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     2159.94 kN-m. 
           -. End Moments (Mz2) =     2310.98 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2310.98 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2310.98 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2193.031 kN. 
           -. Mry        =      2664.629 kN-m. 
           -. Mrz        =      4395.348 kN-m. 
           -. Mr         =      5139.974 kN-m. 
           -. Pu/Pr      =   0.526  --->  O.K ! 
           -. Muy/Mry    =   0.526  --->  O.K ! 
           -. Muz/Mrz    =   0.526  --->  O.K ! 
           -. Mu/Mr      =   0.526  --->  O.K ! 
           -. Ratio      =   0.526  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2837.65 kN. 
           -. Vuz    =        123.49 kN. 
           -. Muy    =      -1361.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
 
           -. Vuy    =        311.21 kN. 
           -. Muz    =      -2318.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      123.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1102.35 kN. 
           -. phiVcz    = phi * Vcz =      992.12 kN. 
 
           -. Vuy       =      311.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1058.97 kN. 
           -. phiVcy    = phi * Vcy =      953.07 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6046.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.84 kN. 
           -. phiVsz   = phi*Vsz =     1838.56 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2014.00 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6089.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2014.00 kN. 
           -. phiVsy   = phi*Vsy =     1812.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     334.813 kN. 
           -. Vr       =    2765.666 kN. 
           -. Ratio    = Vu / Vr = 0.121  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      372.01 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      372.01 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0045 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0045 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0045 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116010,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1165.42      1341.14      1264.99      2159.94      1990.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1165.42      1341.14      1264.99      2159.94      1990.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1264.99 kN-m. 
           -. End Moments (My2) =     1341.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1341.14 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1341.14 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1990.82 kN-m. 
           -. End Moments (Mz2) =     2159.94 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     2159.94 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     2159.94 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2373.261 kN. 
           -. Mry        =      2716.309 kN-m. 
           -. Mrz        =      4375.515 kN-m. 
           -. Mr         =      5150.094 kN-m. 
           -. Pu/Pr      =   0.491  --->  O.K ! 
           -. Muy/Mry    =   0.494  --->  O.K ! 
           -. Muz/Mrz    =   0.494  --->  O.K ! 
           -. Mu/Mr      =   0.494  --->  O.K ! 
           -. Ratio      =   0.494  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2854.31 kN. 
           -. Vuz    =        150.22 kN. 
           -. Muy    =      -1302.47 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
 
           -. Vuy    =        344.99 kN. 
           -. Muz    =      -2168.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      150.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1117.61 kN. 
           -. phiVcz    = phi * Vcz =     1005.85 kN. 
 
           -. Vuy       =      344.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1074.23 kN. 
           -. phiVcy    = phi * Vcy =      966.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2052.58 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6030.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2052.58 kN. 
           -. phiVsz   = phi*Vsz =     1847.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2024.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6074.26 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2024.35 kN. 
           -. phiVsy   = phi*Vsy =     1821.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     376.280 kN. 
           -. Vr       =    2788.719 kN. 
           -. Ratio    = Vu / Vr = 0.135  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      418.09 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      418.09 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0040 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116011,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1177.41      1264.99      1177.57      1990.82      1809.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1177.41      1264.99      1177.57      1990.82      1809.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1177.57 kN-m. 
           -. End Moments (My2) =     1264.99 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3212 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1264.99 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1264.99 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1809.07 kN-m. 
           -. End Moments (Mz2) =     1990.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1990.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1990.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2571.593 kN. 
           -. Mry        =      2768.022 kN-m. 
           -. Mrz        =      4356.267 kN-m. 
           -. Mr         =      5161.299 kN-m. 
           -. Pu/Pr      =   0.458  --->  O.K ! 
           -. Muy/Mry    =   0.457  --->  O.K ! 
           -. Muz/Mrz    =   0.457  --->  O.K ! 
           -. Mu/Mr      =   0.458  --->  O.K ! 
           -. Ratio      =   0.458  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2870.97 kN. 
           -. Vuz    =        170.29 kN. 
           -. Muy    =      -1228.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.23 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.52 
 
           -. Vuy    =        368.33 kN. 
           -. Muz    =      -1999.25 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      170.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1137.86 kN. 
           -. phiVcz    = phi * Vcz =     1024.08 kN. 
 
           -. Vuy       =      368.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1094.51 kN. 
           -. phiVcy    = phi * Vcy =      985.06 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2065.20 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6010.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2065.20 kN. 
           -. phiVsz   = phi*Vsz =     1858.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2037.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6053.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2037.76 kN. 
           -. phiVsy   = phi*Vsy =     1833.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     405.791 kN. 
           -. Vr       =    2819.044 kN. 
           -. Ratio    = Vu / Vr = 0.144  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      450.88 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      450.88 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116012,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           1189.40      1177.57      1082.23      1809.07      1619.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     1189.40      1177.57      1082.23      1809.07      1619.23 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1082.23 kN-m. 
           -. End Moments (My2) =     1177.57 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     1177.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     1177.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1619.23 kN-m. 
           -. End Moments (Mz2) =     1809.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     1809.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     1809.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      2852.461 kN. 
           -. Mry        =      2812.864 kN-m. 
           -. Mrz        =      4342.738 kN-m. 
           -. Mr         =      5174.126 kN-m. 
           -. Pu/Pr      =   0.417  --->  O.K ! 
           -. Muy/Mry    =   0.419  --->  O.K ! 
           -. Muz/Mrz    =   0.417  --->  O.K ! 
           -. Mu/Mr      =   0.419  --->  O.K ! 
           -. Ratio      =   0.419  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2887.64 kN. 
           -. Vuz    =        185.59 kN. 
           -. Muy    =      -1143.46 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.04 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.57 
 
           -. Vuy    =        382.96 kN. 
           -. Muz    =      -1817.57 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      185.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1162.40 kN. 
           -. phiVcz    = phi * Vcz =     1046.16 kN. 
 
           -. Vuy       =      382.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1119.13 kN. 
           -. phiVcy    = phi * Vcy =     1007.22 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2080.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5986.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2080.04 kN. 
           -. phiVsz   = phi*Vsz =     1872.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2053.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6029.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2053.54 kN. 
           -. phiVsy   = phi*Vsy =     1848.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     425.559 kN. 
           -. Vr       =    2855.407 kN. 
           -. Ratio    = Vu / Vr = 0.149  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      472.84 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      472.84 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116013,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2904.30     -1050.81      -938.13     -1627.69     -1419.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2904.30     -1050.81      -938.13     -1627.69     -1419.80 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      938.13 kN-m. 
           -. End Moments (My2) =     1050.81 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1050.81 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1050.81 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1419.80 kN-m. 
           -. End Moments (Mz2) =     1627.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1627.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1627.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      7617.868 kN. 
           -. Mry        =      2756.106 kN-m. 
           -. Mrz        =      4268.102 kN-m. 
           -. Mr         =      5080.631 kN-m. 
           -. Pu/Pr      =   0.381  --->  O.K ! 
           -. Muy/Mry    =   0.381  --->  O.K ! 
           -. Muz/Mrz    =   0.381  --->  O.K ! 
           -. Mu/Mr      =   0.381  --->  O.K ! 
           -. Ratio      =   0.381  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2904.30 kN. 
           -. Vuz    =        225.47 kN. 
           -. Muy    =      -1050.81 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.63 
 
           -. Vuy    =        415.89 kN. 
           -. Muz    =      -1627.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      225.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1186.05 kN. 
           -. phiVcz    = phi * Vcz =     1067.44 kN. 
 
           -. Vuy       =      415.89 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1142.90 kN. 
           -. phiVcy    = phi * Vcy =     1028.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2093.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5962.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2093.89 kN. 
           -. phiVsz   = phi*Vsz =     1884.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2068.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6005.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2068.29 kN. 
           -. phiVsy   = phi*Vsy =     1861.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     473.082 kN. 
           -. Vr       =    2890.064 kN. 
           -. Ratio    = Vu / Vr = 0.164  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      525.65 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      525.65 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0023 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116014,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2920.96      -938.13      -812.94     -1419.80     -1205.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2920.96      -938.13      -812.94     -1419.80     -1205.13 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      812.94 kN-m. 
           -. End Moments (My2) =      938.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -938.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -938.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =     1205.13 kN-m. 
           -. End Moments (Mz2) =     1419.80 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =    -1419.80 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =    -1419.80 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      8575.469 kN. 
           -. Mry        =      2729.694 kN-m. 
           -. Mrz        =      4127.758 kN-m. 
           -. Mr         =      4948.698 kN-m. 
           -. Pu/Pr      =   0.341  --->  O.K ! 
           -. Muy/Mry    =   0.344  --->  O.K ! 
           -. Muz/Mrz    =   0.344  --->  O.K ! 
           -. Mu/Mr      =   0.344  --->  O.K ! 
           -. Ratio      =   0.344  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2920.96 kN. 
           -. Vuz    =        250.44 kN. 
           -. Muy    =       -938.13 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.64 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
 
           -. Vuy    =        429.41 kN. 
           -. Muz    =      -1419.80 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      250.44 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1217.88 kN. 
           -. phiVcz    = phi * Vcz =     1096.09 kN. 
 
           -. Vuy       =      429.41 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1174.96 kN. 
           -. phiVcy    = phi * Vcy =     1057.46 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2111.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5930.61 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2111.88 kN. 
           -. phiVsz   = phi*Vsz =     1900.69 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2087.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5973.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2087.45 kN. 
           -. phiVsy   = phi*Vsy =     1878.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     497.102 kN. 
           -. Vr       =    2936.162 kN. 
           -. Ratio    = Vu / Vr = 0.169  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      552.34 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      552.34 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116015,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2897.85     -1197.10     -1005.18      -840.12      -693.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2897.85     -1197.10     -1005.18      -840.12      -693.60 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =     1005.18 kN-m. 
           -. End Moments (My2) =     1197.10 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1197.10 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1197.10 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      693.60 kN-m. 
           -. End Moments (Mz2) =      840.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -840.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -840.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =      9639.095 kN. 
           -. Mry        =      3978.064 kN-m. 
           -. Mrz        =      2790.194 kN-m. 
           -. Mr         =      4859.031 kN-m. 
           -. Pu/Pr      =   0.301  --->  O.K ! 
           -. Muy/Mry    =   0.301  --->  O.K ! 
           -. Muz/Mrz    =   0.301  --->  O.K ! 
           -. Mu/Mr      =   0.301  --->  O.K ! 
           -. Ratio      =   0.301  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2937.62 kN. 
           -. Vuz    =        258.76 kN. 
           -. Muy    =       -812.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.38 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
 
           -. Vuy    =        421.70 kN. 
           -. Muz    =      -1205.13 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.66 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      258.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1257.33 kN. 
           -. phiVcz    = phi * Vcz =     1131.60 kN. 
 
           -. Vuy       =      421.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1214.80 kN. 
           -. phiVcy    = phi * Vcy =     1093.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2133.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5891.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2133.19 kN. 
           -. phiVsz   = phi*Vsz =     1919.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2110.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5933.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2110.17 kN. 
           -. phiVsy   = phi*Vsy =     1899.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     494.759 kN. 
           -. Vr       =    2992.470 kN. 
           -. Ratio    = Vu / Vr = 0.165  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      549.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      549.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116016,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2914.50     -1005.18      -817.22      -693.60      -555.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2914.50     -1005.18      -817.22      -693.60      -555.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      817.22 kN-m. 
           -. End Moments (My2) =     1005.18 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =    -1005.18 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =    -1005.18 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      555.02 kN-m. 
           -. End Moments (Mz2) =      693.60 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -693.60 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -693.60 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     11312.944 kN. 
           -. Mry        =      3877.259 kN-m. 
           -. Mrz        =      2672.395 kN-m. 
           -. Mr         =      4709.016 kN-m. 
           -. Pu/Pr      =   0.258  --->  O.K ! 
           -. Muy/Mry    =   0.259  --->  O.K ! 
           -. Muz/Mrz    =   0.260  --->  O.K ! 
           -. Mu/Mr      =   0.260  --->  O.K ! 
           -. Ratio      =   0.260  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2954.28 kN. 
           -. Vuz    =        254.22 kN. 
           -. Muy    =       -683.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
 
           -. Vuy    =        398.35 kN. 
           -. Muz    =       -994.31 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.79 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      254.22 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1302.34 kN. 
           -. phiVcz    = phi * Vcz =     1172.10 kN. 
 
           -. Vuy       =      398.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1260.38 kN. 
           -. phiVcy    = phi * Vcy =     1134.34 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2156.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5846.15 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2156.26 kN. 
           -. phiVsz   = phi*Vsz =     1940.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2134.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5888.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2134.80 kN. 
           -. phiVsy   = phi*Vsy =     1921.32 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     472.559 kN. 
           -. Vr       =    3055.660 kN. 
           -. Ratio    = Vu / Vr = 0.155  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      525.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      525.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
8.5062e-006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=1.5649e-006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =1.5649e-006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116017,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2931.16      -817.22      -640.23      -555.02      -428.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2931.16      -817.22      -640.23      -555.02      -428.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      640.23 kN-m. 
           -. End Moments (My2) =      817.22 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -817.22 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -817.22 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      428.27 kN-m. 
           -. End Moments (Mz2) =      555.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -555.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -555.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     13345.303 kN. 
           -. Mry        =      3725.447 kN-m. 
           -. Mrz        =      2525.312 kN-m. 
           -. Mr         =      4500.684 kN-m. 
           -. Pu/Pr      =   0.220  --->  O.K ! 
           -. Muy/Mry    =   0.219  --->  O.K ! 
           -. Muz/Mrz    =   0.220  --->  O.K ! 
           -. Mu/Mr      =   0.220  --->  O.K ! 
           -. Ratio      =   0.220  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2970.94 kN. 
           -. Vuz    =        239.98 kN. 
           -. Muy    =       -556.48 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =        363.96 kN. 
           -. Muz    =       -795.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      239.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1350.96 kN. 
           -. phiVcz    = phi * Vcz =     1215.87 kN. 
 
           -. Vuy       =      363.96 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1309.81 kN. 
           -. phiVcy    = phi * Vcy =     1178.83 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5797.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.83 kN. 
           -. phiVsz   = phi*Vsz =     1961.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2159.97 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5838.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2159.97 kN. 
           -. phiVsy   = phi*Vsy =     1943.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     435.958 kN. 
           -. Vr       =    3122.807 kN. 
           -. Ratio    = Vu / Vr = 0.140  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      484.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      484.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116018,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2947.82      -640.23      -479.38      -428.27      -315.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2947.82      -640.23      -479.38      -428.27      -315.99 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      479.38 kN-m. 
           -. End Moments (My2) =      640.23 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -640.23 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -640.23 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      315.99 kN-m. 
           -. End Moments (Mz2) =      428.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -428.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -428.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     15824.721 kN. 
           -. Mry        =      3469.632 kN-m. 
           -. Mrz        =      2318.324 kN-m. 
           -. Mr         =      4172.885 kN-m. 
           -. Pu/Pr      =   0.186  --->  O.K ! 
           -. Muy/Mry    =   0.185  --->  O.K ! 
           -. Muz/Mrz    =   0.185  --->  O.K ! 
           -. Mu/Mr      =   0.186  --->  O.K ! 
           -. Ratio      =   0.186  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2947.82 kN. 
           -. Vuz    =        321.69 kN. 
           -. Muy    =       -640.23 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.56 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.10 
 
           -. Vuy    =        224.57 kN. 
           -. Muz    =       -428.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.77 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      321.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1400.74 kN. 
           -. phiVcz    = phi * Vcz =     1260.67 kN. 
 
           -. Vuy       =      224.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1360.59 kN. 
           -. phiVcy    = phi * Vcy =     1224.53 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2202.60 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5747.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2202.60 kN. 
           -. phiVsz   = phi*Vsz =     1982.34 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2184.34 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5787.89 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2184.34 kN. 
           -. phiVsy   = phi*Vsy =     1965.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     392.324 kN. 
           -. Vr       =    3190.439 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      435.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      435.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116019,  LCB = 151-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2964.48      -479.38      -338.35      -315.99      -219.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2964.48      -479.38      -338.35      -315.99      -219.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      338.35 kN-m. 
           -. End Moments (My2) =      479.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -479.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -479.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      219.83 kN-m. 
           -. End Moments (Mz2) =      315.99 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -315.99 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -315.99 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     18884.907 kN. 
           -. Mry        =      3044.556 kN-m. 
           -. Mrz        =      2000.953 kN-m. 
           -. Mr         =      3643.231 kN-m. 
           -. Pu/Pr      =   0.157  --->  O.K ! 
           -. Muy/Mry    =   0.157  --->  O.K ! 
           -. Muz/Mrz    =   0.158  --->  O.K ! 
           -. Mu/Mr      =   0.158  --->  O.K ! 
           -. Ratio      =   0.158  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2964.48 kN. 
           -. Vuz    =        282.06 kN. 
           -. Muy    =       -479.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.21 
 
           -. Vuy    =        192.33 kN. 
           -. Muz    =       -315.99 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.50 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.13 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      282.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1450.96 kN. 
           -. phiVcz    = phi * Vcz =     1305.86 kN. 
 
           -. Vuy       =      192.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1412.02 kN. 
           -. phiVcy    = phi * Vcy =     1270.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2224.31 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5697.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2224.31 kN. 
           -. phiVsz   = phi*Vsz =     2001.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2207.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5736.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2207.59 kN. 
           -. phiVsy   = phi*Vsy =     1986.83 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     341.390 kN. 
           -. Vr       =    3257.648 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      379.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      379.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0022 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116020,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3756.29       -61.03       -39.91       -28.93       -18.88 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3756.29       -61.03       -39.91       -28.93       -18.88 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       39.91 kN-m. 
           -. End Moments (My2) =       61.03 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -39.91 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -39.91 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       18.88 kN-m. 
           -. End Moments (Mz2) =       28.93 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -18.88 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -18.88 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       259.384 kN-m. 
           -. Mrz        =       122.515 kN-m. 
           -. Mr         =       286.863 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.154  --->  O.K ! 
           -. Muz/Mrz    =   0.154  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2981.14 kN. 
           -. Vuz    =        237.26 kN. 
           -. Muy    =       -338.35 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.32 
 
           -. Vuy    =        158.23 kN. 
           -. Muz    =       -219.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.25 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.24 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3250 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      237.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1499.91 kN. 
           -. phiVcz    = phi * Vcz =     1349.92 kN. 
 
           -. Vuy       =      158.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1462.34 kN. 
           -. phiVcy    = phi * Vcy =     1316.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2244.35 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5648.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2244.35 kN. 
           -. phiVsz   = phi*Vsz =     2019.91 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2229.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5686.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2229.07 kN. 
           -. phiVsy   = phi*Vsy =     2006.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     285.183 kN. 
           -. Vr       =    3322.263 kN. 
           -. Ratio    = Vu / Vr = 0.086  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      316.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      316.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116021,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3772.94       -39.91       -22.92       -18.88       -10.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3772.94       -39.91       -22.92       -18.88       -10.83 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       22.92 kN-m. 
           -. End Moments (My2) =       39.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -22.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -22.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       10.83 kN-m. 
           -. End Moments (Mz2) =       18.88 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -10.83 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -10.83 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       148.329 kN-m. 
           -. Mrz        =        69.929 kN-m. 
           -. Mr         =       163.986 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.155  --->  O.K ! 
           -. Muz/Mrz    =   0.155  --->  O.K ! 
           -. Mu/Mr      =   0.155  --->  O.K ! 
           -. Ratio      =   0.155  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       2997.80 kN. 
           -. Vuz    =        188.81 kN. 
           -. Muy    =       -219.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.42 
 
           -. Vuy    =        123.24 kN. 
           -. Muz    =       -140.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      188.81 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1545.90 kN. 
           -. phiVcz    = phi * Vcz =     1391.31 kN. 
 
           -. Vuy       =      123.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1509.78 kN. 
           -. phiVcy    = phi * Vcy =     1358.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2262.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5602.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2262.24 kN. 
           -. phiVsz   = phi*Vsz =     2036.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2248.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5638.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2248.26 kN. 
           -. phiVsy   = phi*Vsy =     2023.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     225.470 kN. 
           -. Vr       =    3382.235 kN. 
           -. Ratio    = Vu / Vr = 0.067  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      250.52 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      250.52 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116022,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3789.60       -22.92       -10.41       -10.83        -4.91 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3789.60       -22.92       -10.41       -10.83        -4.91 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       10.41 kN-m. 
           -. End Moments (My2) =       22.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -10.41 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -10.41 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        4.91 kN-m. 
           -. End Moments (Mz2) =       10.83 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -4.91 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -4.91 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        67.073 kN-m. 
           -. Mrz        =        31.563 kN-m. 
           -. Mr         =        74.129 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.155  --->  O.K ! 
           -. Muz/Mrz    =   0.156  --->  O.K ! 
           -. Mu/Mr      =   0.156  --->  O.K ! 
           -. Ratio      =   0.156  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3031.11 kN. 
           -. Vuz    =        137.63 kN. 
           -. Muy    =        -56.51 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =         87.97 kN. 
           -. Muz    =        -35.12 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.85 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.44 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      137.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1587.32 kN. 
           -. phiVcz    = phi * Vcz =     1428.59 kN. 
 
           -. Vuy       =       87.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1552.64 kN. 
           -. phiVcy    = phi * Vcy =     1397.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2277.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5561.17 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2277.62 kN. 
           -. phiVsz   = phi*Vsz =     2049.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2264.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5595.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2264.78 kN. 
           -. phiVsy   = phi*Vsy =     2038.30 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     163.343 kN. 
           -. Vr       =    3435.679 kN. 
           -. Ratio    = Vu / Vr = 0.048  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      181.49 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      181.49 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0043 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0043 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0043 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116023,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3806.25       -10.41        -2.68        -4.91        -1.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3806.25       -10.41        -2.68        -4.91        -1.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        2.68 kN-m. 
           -. End Moments (My2) =       10.41 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -2.68 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -2.68 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        1.27 kN-m. 
           -. End Moments (Mz2) =        4.91 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -1.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -1.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3261 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        17.158 kN-m. 
           -. Mrz        =         8.127 kN-m. 
           -. Mr         =        18.985 kN-m. 
           -. Pu/Pr      =   0.156  --->  O.K ! 
           -. Muy/Mry    =   0.156  --->  O.K ! 
           -. Muz/Mrz    =   0.156  --->  O.K ! 
           -. Mu/Mr      =   0.156  --->  O.K ! 
           -. Ratio      =   0.156  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3047.77 kN. 
           -. Vuz    =         84.23 kN. 
           -. Muy    =        -14.39 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.58 
 
           -. Vuy    =         52.70 kN. 
           -. Muz    =         -8.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.50 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       84.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1615.44 kN. 
           -. phiVcz    = phi * Vcz =     1453.89 kN. 
 
           -. Vuy       =       52.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1581.81 kN. 
           -. phiVcy    = phi * Vcy =     1423.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2287.70 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5533.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2287.70 kN. 
           -. phiVsz   = phi*Vsz =     2058.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2275.62 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5566.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2275.62 kN. 
           -. phiVsy   = phi*Vsy =     2048.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      99.363 kN. 
           -. Vr       =    3471.685 kN. 
           -. Ratio    = Vu / Vr = 0.029  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      110.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      110.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =116024,  LCB = 148-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 148- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           3822.91        -2.68         0.00        -1.27         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     3822.91        -2.68         0.00        -1.27         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        2.68 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        1.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.157  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.157  --->  O.K ! 
           -. Ratio      =   0.157  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       3064.42 kN. 
           -. Vuz    =         28.78 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.57 
 
           -. Vuy    =         17.54 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  30.61 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.57 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       28.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1612.97 kN. 
           -. phiVcz    = phi * Vcz =     1451.68 kN. 
 
           -. Vuy       =       17.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1612.97 kN. 
           -. phiVcy    = phi * Vcy =     1451.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2286.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5535.51 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2286.83 kN. 
           -. phiVsz   = phi*Vsz =     2058.15 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2286.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5535.51 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2286.83 kN. 
           -. phiVsy   = phi*Vsy =     2058.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      33.702 kN. 
           -. Vr       =    3509.824 kN. 
           -. Ratio    = Vu / Vr = 0.010  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       37.45 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       37.45 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0049 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0049 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0049 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117102,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -822.96      1338.47      1649.01       733.32       892.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -822.96      1338.47      1649.01       733.32       892.24 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1961.736 kN. 
           -. Mry        =      3907.175 kN-m. 
           -. Mrz        =      2115.901 kN-m. 
           -. Mr         =      4443.316 kN-m. 
           -. Pu/Pr      =   0.420  --->  O.K ! 
           -. Muy/Mry    =   0.422  --->  O.K ! 
           -. Muz/Mrz    =   0.422  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4981.05 kN. 
           -. Vuz    =        467.69 kN. 
           -. Muy    =      -1119.40 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.96 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =       1182.38 kN. 
           -. Muz    =       -788.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      467.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1051.29 kN. 
           -. phiVcz    = phi * Vcz =      946.16 kN. 
 
           -. Vuy       =     1182.38 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1008.01 kN. 
           -. phiVcy    = phi * Vcy =      907.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2008.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6097.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2008.71 kN. 
           -. phiVsz   = phi*Vsz =     1807.84 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1977.77 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6140.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1977.77 kN. 
           -. phiVsy   = phi*Vsy =     1779.99 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1271.514 kN. 
           -. Vr       =    2687.202 kN. 
           -. Ratio    = Vu / Vr = 0.473  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1412.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1412.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117103,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1589.80      1212.08      1386.68      1046.51      1512.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1589.80      1212.08      1386.68      1046.51      1512.19 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3166.595 kN. 
           -. Mry        =      2764.339 kN-m. 
           -. Mrz        =      3015.975 kN-m. 
           -. Mr         =      4091.171 kN-m. 
           -. Pu/Pr      =   0.502  --->  O.K ! 
           -. Muy/Mry    =   0.502  --->  O.K ! 
           -. Muz/Mrz    =   0.501  --->  O.K ! 
           -. Mu/Mr      =   0.502  --->  O.K ! 
           -. Ratio      =   0.502  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4997.87 kN. 
           -. Vuz    =        394.59 kN. 
           -. Muy    =      -1295.28 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.24 
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           -. Vuy    =       1043.03 kN. 
           -. Muz    =      -1289.01 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      394.59 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1013.93 kN. 
           -. phiVcz    = phi * Vcz =      912.53 kN. 
 
           -. Vuy       =     1043.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      970.85 kN. 
           -. phiVcy    = phi * Vcy =      873.76 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6134.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.11 kN. 
           -. phiVsz   = phi*Vsz =     1783.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1949.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6177.64 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1949.57 kN. 
           -. phiVsy   = phi*Vsy =     1754.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1115.173 kN. 
           -. Vr       =    2628.382 kN. 
           -. Ratio    = Vu / Vr = 0.424  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1239.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1239.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117104,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1577.96      1386.68      1510.27      1512.19      1892.39 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1577.96      1386.68      1510.27      1512.19      1892.39 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2734.886 kN. 
           -. Mry        =      2624.319 kN-m. 
           -. Mrz        =      3298.213 kN-m. 
           -. Mr         =      4214.885 kN-m. 
           -. Pu/Pr      =   0.577  --->  O.K ! 
           -. Muy/Mry    =   0.575  --->  O.K ! 
           -. Muz/Mrz    =   0.574  --->  O.K ! 
           -. Mu/Mr      =   0.577  --->  O.K ! 
           -. Ratio      =   0.577  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5014.69 kN. 
           -. Vuz    =        284.00 kN. 
           -. Muy    =      -1421.63 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        828.08 kN. 
           -. Muz    =      -1702.65 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      284.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      993.53 kN. 
           -. phiVcz    = phi * Vcz =      894.18 kN. 
 
           -. Vuy       =      828.08 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      950.60 kN. 
           -. phiVcy    = phi * Vcy =      855.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1966.96 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6154.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1966.96 kN. 
           -. phiVsz   = phi*Vsz =     1770.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1933.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6197.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1933.54 kN. 
           -. phiVsy   = phi*Vsy =     1740.18 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     875.426 kN. 
           -. Vr       =    2595.728 kN. 
           -. Ratio    = Vu / Vr = 0.337  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      972.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      972.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117105,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1566.12      1510.27      1586.76      1892.39      2170.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1566.12      1510.27      1586.76      1892.39      2170.74 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2495.706 kN. 
           -. Mry        =      2523.260 kN-m. 
           -. Mrz        =      3465.597 kN-m. 
           -. Mr         =      4286.864 kN-m. 
           -. Pu/Pr      =   0.628  --->  O.K ! 
           -. Muy/Mry    =   0.629  --->  O.K ! 
           -. Muz/Mrz    =   0.626  --->  O.K ! 
           -. Mu/Mr      =   0.629  --->  O.K ! 
           -. Ratio      =   0.629  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5031.49 kN. 
           -. Vuz    =        173.69 kN. 
           -. Muy    =      -1502.24 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        608.00 kN. 
           -. Muz    =      -2012.42 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      173.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      984.15 kN. 
           -. phiVcz    = phi * Vcz =      885.74 kN. 
 
           -. Vuy       =      608.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      941.31 kN. 
           -. phiVcy    = phi * Vcy =      847.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1959.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6164.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1959.85 kN. 
           -. phiVsz   = phi*Vsz =     1763.86 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1926.01 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6207.18 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1926.01 kN. 
           -. phiVsy   = phi*Vsy =     1733.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     632.318 kN. 
           -. Vr       =    2580.585 kN. 
           -. Ratio    = Vu / Vr = 0.245  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      702.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      702.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117106,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1554.27      1586.76      1613.19      2170.74      2344.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1554.27      1586.76      1613.19      2170.74      2344.57 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2362.144 kN. 
           -. Mry        =      2445.104 kN-m. 
           -. Mrz        =      3569.935 kN-m. 
           -. Mr         =      4327.005 kN-m. 
           -. Pu/Pr      =   0.658  --->  O.K ! 
           -. Muy/Mry    =   0.660  --->  O.K ! 
           -. Muz/Mrz    =   0.657  --->  O.K ! 
           -. Mu/Mr      =   0.660  --->  O.K ! 
           -. Ratio      =   0.660  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5048.29 kN. 
           -. Vuz    =         71.26 kN. 
           -. Muy    =      -1533.98 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        390.69 kN. 
           -. Muz    =      -2215.15 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.09 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       71.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      985.47 kN. 
           -. phiVcz    = phi * Vcz =      886.92 kN. 
 
           -. Vuy       =      390.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      942.61 kN. 
           -. phiVcy    = phi * Vcy =      848.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1960.85 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6163.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1960.85 kN. 
           -. phiVsz   = phi*Vsz =     1764.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1927.07 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6205.87 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1927.07 kN. 
           -. phiVsy   = phi*Vsy =     1734.36 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     397.138 kN. 
           -. Vr       =    2582.715 kN. 
           -. Ratio    = Vu / Vr = 0.154  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      441.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      441.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117107,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1542.42      1613.19      1600.77      2344.57      2440.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1542.42      1613.19      1600.77      2344.57      2440.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2291.093 kN. 
           -. Mry        =      2381.051 kN-m. 
           -. Mrz        =      3637.040 kN-m. 
           -. Mr         =      4347.121 kN-m. 
           -. Pu/Pr      =   0.673  --->  O.K ! 
           -. Muy/Mry    =   0.672  --->  O.K ! 
           -. Muz/Mrz    =   0.671  --->  O.K ! 
           -. Mu/Mr      =   0.673  --->  O.K ! 
           -. Ratio      =   0.673  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =      -1542.42 kN. 
           -. Vuz    =         50.87 kN. 
           -. Muy    =       1600.77 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.96 
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           -. Vuy    =        283.69 kN. 
           -. Muz    =       2440.21 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.96 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       50.87 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1335.86 kN. 
           -. phiVcz    = phi * Vcz =     1202.27 kN. 
 
           -. Vuy       =      283.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1335.86 kN. 
           -. phiVcy    = phi * Vcy =     1202.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2172.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5812.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2172.65 kN. 
           -. phiVsz   = phi*Vsz =     1955.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2172.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5812.63 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2172.65 kN. 
           -. phiVsy   = phi*Vsy =     1955.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     288.218 kN. 
           -. Vr       =    3157.660 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.90 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      320.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      320.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0118 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0118 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0118 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117108,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1542.54      1600.77      1556.54      2440.21      2468.87 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1542.54      1600.77      1556.54      2440.21      2468.87 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2291.093 kN. 
           -. Mry        =      2381.051 kN-m. 
           -. Mrz        =      3637.040 kN-m. 
           -. Mr         =      4347.121 kN-m. 
           -. Pu/Pr      =   0.673  --->  O.K ! 
           -. Muy/Mry    =   0.672  --->  O.K ! 
           -. Muz/Mrz    =   0.671  --->  O.K ! 
           -. Mu/Mr      =   0.673  --->  O.K ! 
           -. Ratio      =   0.673  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       -763.66 kN. 
           -. Vuz    =        127.40 kN. 
           -. Muy    =       2241.49 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.89 
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           -. Vuy    =        149.49 kN. 
           -. Muz    =       1706.24 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.89 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      127.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1304.67 kN. 
           -. phiVcz    = phi * Vcz =     1174.20 kN. 
 
           -. Vuy       =      149.49 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1304.67 kN. 
           -. phiVcy    = phi * Vcy =     1174.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2157.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5843.82 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2157.43 kN. 
           -. phiVsz   = phi*Vsz =     1941.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2157.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5843.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2157.43 kN. 
           -. phiVsy   = phi*Vsy =     1941.68 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     196.410 kN. 
           -. Vr       =    3115.887 kN. 
           -. Ratio    = Vu / Vr = 0.063  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.90 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      218.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      218.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0102 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0102 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0102 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117109,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1530.67      1556.54      1487.02      2468.87      2442.16 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1530.67      1556.54      1487.02      2468.87      2442.16 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2290.165 kN. 
           -. Mry        =      2319.124 kN-m. 
           -. Mrz        =      3676.967 kN-m. 
           -. Mr         =      4347.231 kN-m. 
           -. Pu/Pr      =   0.668  --->  O.K ! 
           -. Muy/Mry    =   0.671  --->  O.K ! 
           -. Muz/Mrz    =   0.671  --->  O.K ! 
           -. Mu/Mr      =   0.671  --->  O.K ! 
           -. Ratio      =   0.671  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4303.07 kN. 
           -. Vuz    =        182.74 kN. 
           -. Muy    =      -2116.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.05 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         65.47 kN. 
           -. Muz    =      -1641.82 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.47 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.21 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      182.74 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1041.31 kN. 
           -. phiVcz    = phi * Vcz =      937.18 kN. 
 
           -. Vuy       =       65.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      998.07 kN. 
           -. phiVcy    = phi * Vcy =      898.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2001.74 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6107.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2001.74 kN. 
           -. phiVsz   = phi*Vsz =     1801.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1970.38 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6150.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1970.38 kN. 
           -. phiVsy   = phi*Vsy =     1773.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     194.117 kN. 
           -. Vr       =    2671.607 kN. 
           -. Ratio    = Vu / Vr = 0.073  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      215.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      215.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117110,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1518.80      1487.02      1402.05      2442.16      2379.51 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1518.80      1487.02      1402.05      2442.16      2379.51 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2291.588 kN. 
           -. Mry        =      2265.034 kN-m. 
           -. Mrz        =      3710.333 kN-m. 
           -. Mr         =      4347.062 kN-m. 
           -. Pu/Pr      =   0.663  --->  O.K ! 
           -. Muy/Mry    =   0.657  --->  O.K ! 
           -. Muz/Mrz    =   0.658  --->  O.K ! 
           -. Mu/Mr      =   0.663  --->  O.K ! 
           -. Ratio      =   0.663  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4319.81 kN. 
           -. Vuz    =        225.97 kN. 
           -. Muy    =      -2029.36 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.31 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         86.79 kN. 
           -. Muz    =      -1641.23 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.21 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      225.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1043.64 kN. 
           -. phiVcz    = phi * Vcz =      939.28 kN. 
 
           -. Vuy       =       86.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1000.40 kN. 
           -. phiVcy    = phi * Vcy =      900.36 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2003.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6104.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2003.38 kN. 
           -. phiVsz   = phi*Vsz =     1803.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1972.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6148.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1972.11 kN. 
           -. phiVsy   = phi*Vsy =     1774.90 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     242.060 kN. 
           -. Vr       =    2675.260 kN. 
           -. Ratio    = Vu / Vr = 0.090  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      268.96 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      268.96 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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HOJA: 3303 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117111,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1506.91      1402.05      1305.74      2379.51      2289.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1506.91      1402.05      1305.74      2379.51      2289.44 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2360.931 kN. 
           -. Mry        =      2203.733 kN-m. 
           -. Mrz        =      3723.937 kN-m. 
           -. Mr         =      4327.141 kN-m. 
           -. Pu/Pr      =   0.638  --->  O.K ! 
           -. Muy/Mry    =   0.636  --->  O.K ! 
           -. Muz/Mrz    =   0.639  --->  O.K ! 
           -. Mu/Mr      =   0.639  --->  O.K ! 
           -. Ratio      =   0.639  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4336.54 kN. 
           -. Vuz    =        257.78 kN. 
           -. Muy    =      -1919.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.97 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.33 
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           -. Vuy    =        114.28 kN. 
           -. Muz    =      -1615.19 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.38 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      257.78 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.55 kN. 
           -. phiVcz    = phi * Vcz =      945.50 kN. 
 
           -. Vuy       =      114.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1007.28 kN. 
           -. phiVcy    = phi * Vcy =      906.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2008.19 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6097.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2008.19 kN. 
           -. phiVsz   = phi*Vsz =     1807.38 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1977.22 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6141.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1977.22 kN. 
           -. phiVsy   = phi*Vsy =     1779.50 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     281.975 kN. 
           -. Vr       =    2686.047 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      313.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      313.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117112,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1495.02      1305.74      1201.67      2289.44      2181.28 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1495.02      1305.74      1201.67      2289.44      2181.28 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2432.225 kN. 
           -. Mry        =      2143.052 kN-m. 
           -. Mrz        =      3735.907 kN-m. 
           -. Mr         =      4306.933 kN-m. 
           -. Pu/Pr      =   0.615  --->  O.K ! 
           -. Muy/Mry    =   0.609  --->  O.K ! 
           -. Muz/Mrz    =   0.613  --->  O.K ! 
           -. Mu/Mr      =   0.615  --->  O.K ! 
           -. Ratio      =   0.615  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4353.27 kN. 
           -. Vuz    =        279.82 kN. 
           -. Muy    =      -1793.78 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        138.28 kN. 
           -. Muz    =      -1569.59 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.27 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.25 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      279.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1061.44 kN. 
           -. phiVcz    = phi * Vcz =      955.30 kN. 
 
           -. Vuy       =      138.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1018.12 kN. 
           -. phiVcy    = phi * Vcy =      916.31 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2015.69 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6087.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2015.69 kN. 
           -. phiVsz   = phi*Vsz =     1814.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1985.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6130.36 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1985.17 kN. 
           -. phiVsy   = phi*Vsy =     1786.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     312.120 kN. 
           -. Vr       =    2702.965 kN. 
           -. Ratio    = Vu / Vr = 0.115  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      346.80 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      346.80 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117113,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1483.12      1201.67      1073.83      2181.28      2008.44 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1483.12      1201.67      1073.83      2181.28      2008.44 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2534.591 kN. 
           -. Mry        =      2072.260 kN-m. 
           -. Mrz        =      3741.132 kN-m. 
           -. Mr         =      4276.719 kN-m. 
           -. Pu/Pr      =   0.585  --->  O.K ! 
           -. Muy/Mry    =   0.580  --->  O.K ! 
           -. Muz/Mrz    =   0.583  --->  O.K ! 
           -. Mu/Mr      =   0.585  --->  O.K ! 
           -. Ratio      =   0.585  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5149.02 kN. 
           -. Vuz    =        243.97 kN. 
           -. Muy    =      -1163.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.22 
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           -. Vuy    =        331.40 kN. 
           -. Muz    =      -2182.58 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.12 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      243.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1002.77 kN. 
           -. phiVcz    = phi * Vcz =      902.50 kN. 
 
           -. Vuy       =      331.40 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      959.78 kN. 
           -. phiVcy    = phi * Vcy =      863.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1973.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6145.71 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1973.89 kN. 
           -. phiVsz   = phi*Vsz =     1776.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1940.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6188.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1940.86 kN. 
           -. phiVsy   = phi*Vsy =     1746.78 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     411.515 kN. 
           -. Vr       =    2610.578 kN. 
           -. Ratio    = Vu / Vr = 0.158  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      457.24 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      457.24 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117114,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1471.21      1073.83       933.70      2008.44      1792.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1471.21      1073.83       933.70      2008.44      1792.10 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2714.334 kN. 
           -. Mry        =      2000.760 kN-m. 
           -. Mrz        =      3721.921 kN-m. 
           -. Mr         =      4225.604 kN-m. 
           -. Pu/Pr      =   0.542  --->  O.K ! 
           -. Muy/Mry    =   0.537  --->  O.K ! 
           -. Muz/Mrz    =   0.540  --->  O.K ! 
           -. Mu/Mr      =   0.542  --->  O.K ! 
           -. Ratio      =   0.542  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5165.76 kN. 
           -. Vuz    =        268.77 kN. 
           -. Muy    =      -1042.65 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.25 
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           -. Vuy    =        422.94 kN. 
           -. Muz    =      -2022.11 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.75 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.15 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      268.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1015.05 kN. 
           -. phiVcz    = phi * Vcz =      913.55 kN. 
 
           -. Vuy       =      422.94 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      971.97 kN. 
           -. phiVcy    = phi * Vcy =      874.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1982.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6133.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1982.93 kN. 
           -. phiVsz   = phi*Vsz =     1784.64 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1950.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6176.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1950.45 kN. 
           -. phiVsy   = phi*Vsy =     1755.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     501.115 kN. 
           -. Vr       =    2630.172 kN. 
           -. Ratio    = Vu / Vr = 0.191  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      556.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      556.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117115,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1459.30       933.70       790.24      1792.10      1552.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1459.30       933.70       790.24      1792.10      1552.26 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2998.876 kN. 
           -. Mry        =      1917.684 kN-m. 
           -. Mrz        =      3672.288 kN-m. 
           -. Mr         =      4142.850 kN-m. 
           -. Pu/Pr      =   0.487  --->  O.K ! 
           -. Muy/Mry    =   0.487  --->  O.K ! 
           -. Muz/Mrz    =   0.488  --->  O.K ! 
           -. Mu/Mr      =   0.488  --->  O.K ! 
           -. Ratio      =   0.488  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5182.50 kN. 
           -. Vuz    =        276.26 kN. 
           -. Muy    =       -908.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.30 
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           -. Vuy    =        474.24 kN. 
           -. Muz    =      -1813.64 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.20 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      276.26 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1037.17 kN. 
           -. phiVcz    = phi * Vcz =      933.46 kN. 
 
           -. Vuy       =      474.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      993.96 kN. 
           -. phiVcy    = phi * Vcy =      894.56 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1998.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6111.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1998.83 kN. 
           -. phiVsz   = phi*Vsz =     1798.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1967.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6154.53 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1967.29 kN. 
           -. phiVsy   = phi*Vsy =     1770.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     548.839 kN. 
           -. Vr       =    2665.125 kN. 
           -. Ratio    = Vu / Vr = 0.206  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      609.82 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      609.82 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117116,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1447.38       790.24       650.24      1552.26      1304.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1447.38       790.24       650.24      1552.26      1304.75 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3341.219 kN. 
           -. Mry        =      1828.099 kN-m. 
           -. Mrz        =      3605.179 kN-m. 
           -. Mr         =      4042.185 kN-m. 
           -. Pu/Pr      =   0.433  --->  O.K ! 
           -. Muy/Mry    =   0.432  --->  O.K ! 
           -. Muz/Mrz    =   0.431  --->  O.K ! 
           -. Mu/Mr      =   0.433  --->  O.K ! 
           -. Ratio      =   0.433  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5199.23 kN. 
           -. Vuz    =        270.66 kN. 
           -. Muy    =       -770.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.82 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.36 
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           -. Vuy    =        493.36 kN. 
           -. Muz    =      -1577.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.22 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.27 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      270.66 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1066.90 kN. 
           -. phiVcz    = phi * Vcz =      960.21 kN. 
 
           -. Vuy       =      493.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1023.56 kN. 
           -. phiVcy    = phi * Vcy =      921.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2019.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6081.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2019.40 kN. 
           -. phiVsz   = phi*Vsz =     1817.46 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1989.11 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6124.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1989.11 kN. 
           -. phiVsy   = phi*Vsy =     1790.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     562.724 kN. 
           -. Vr       =    2711.407 kN. 
           -. Ratio    = Vu / Vr = 0.208  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      625.25 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      625.25 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117117,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1435.45       650.24       518.67      1304.75      1061.80 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1435.45       650.24       518.67      1304.75      1061.80 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3817.074 kN. 
           -. Mry        =      1733.058 kN-m. 
           -. Mrz        =      3490.475 kN-m. 
           -. Mr         =      3897.038 kN-m. 
           -. Pu/Pr      =   0.376  --->  O.K ! 
           -. Muy/Mry    =   0.375  --->  O.K ! 
           -. Muz/Mrz    =   0.374  --->  O.K ! 
           -. Mu/Mr      =   0.376  --->  O.K ! 
           -. Ratio      =   0.376  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5215.95 kN. 
           -. Vuz    =        255.29 kN. 
           -. Muy    =       -635.45 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.44 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        488.10 kN. 
           -. Muz    =      -1331.70 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.89 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.34 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      255.29 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1102.29 kN. 
           -. phiVcz    = phi * Vcz =      992.06 kN. 
 
           -. Vuy       =      488.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1058.90 kN. 
           -. phiVcy    = phi * Vcy =      953.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2042.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6046.20 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2042.80 kN. 
           -. phiVsz   = phi*Vsz =     1838.52 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2013.95 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6089.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2013.95 kN. 
           -. phiVsy   = phi*Vsy =     1812.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     550.829 kN. 
           -. Vr       =    2765.563 kN. 
           -. Ratio    = Vu / Vr = 0.199  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      612.03 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      612.03 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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HOJA: 3331 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117118,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1423.51       518.67       398.98      1061.80       832.61 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1423.51       518.67       398.98      1061.80       832.61 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4457.303 kN. 
           -. Mry        =      1618.162 kN-m. 
           -. Mrz        =      3313.809 kN-m. 
           -. Mr         =      3687.788 kN-m. 
           -. Pu/Pr      =   0.319  --->  O.K ! 
           -. Muy/Mry    =   0.321  --->  O.K ! 
           -. Muz/Mrz    =   0.320  --->  O.K ! 
           -. Mu/Mr      =   0.321  --->  O.K ! 
           -. Ratio      =   0.321  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5232.66 kN. 
           -. Vuz    =        232.97 kN. 
           -. Muy    =       -507.84 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.20 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.53 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        463.77 kN. 
           -. Muz    =      -1087.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.43 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      232.97 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1141.72 kN. 
           -. phiVcz    = phi * Vcz =     1027.55 kN. 
 
           -. Vuy       =      463.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1098.38 kN. 
           -. phiVcy    = phi * Vcy =      988.54 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2067.57 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6006.76 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2067.57 kN. 
           -. phiVsz   = phi*Vsz =     1860.81 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2040.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6050.11 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2040.27 kN. 
           -. phiVsy   = phi*Vsy =     1836.25 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     518.994 kN. 
           -. Vr       =    2824.790 kN. 
           -. Ratio    = Vu / Vr = 0.184  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      576.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      576.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117119,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1411.57       398.98       293.48       832.61       624.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1411.57       398.98       293.48       832.61       624.00 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5224.346 kN. 
           -. Mry        =      1485.799 kN-m. 
           -. Mrz        =      3096.532 kN-m. 
           -. Mr         =      3434.547 kN-m. 
           -. Pu/Pr      =   0.270  --->  O.K ! 
           -. Muy/Mry    =   0.269  --->  O.K ! 
           -. Muz/Mrz    =   0.269  --->  O.K ! 
           -. Mu/Mr      =   0.270  --->  O.K ! 
           -. Ratio      =   0.270  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5249.36 kN. 
           -. Vuz    =        205.93 kN. 
           -. Muy    =       -391.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =        424.74 kN. 
           -. Muz    =       -855.90 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.21 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.52 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      205.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1183.68 kN. 
           -. phiVcz    = phi * Vcz =     1065.31 kN. 
 
           -. Vuy       =      424.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1140.52 kN. 
           -. phiVcy    = phi * Vcy =     1026.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2092.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5964.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2092.52 kN. 
           -. phiVsz   = phi*Vsz =     1883.27 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2066.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6007.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2066.83 kN. 
           -. phiVsy   = phi*Vsy =     1860.15 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     472.028 kN. 
           -. Vr       =    2886.613 kN. 
           -. Ratio    = Vu / Vr = 0.164  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      524.48 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      524.48 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0046 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0046 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0046 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117120,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5266.06      -288.43      -200.42      -643.56      -456.07 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5266.06      -288.43      -200.42      -643.56      -456.07 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      200.42 kN-m. 
           -. End Moments (My2) =      288.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3340 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -288.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -288.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      456.07 kN-m. 
           -. End Moments (Mz2) =      643.56 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -643.56 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -643.56 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     21918.605 kN. 
           -. Mry        =      1200.063 kN-m. 
           -. Mrz        =      2678.047 kN-m. 
           -. Mr         =      2934.636 kN-m. 
           -. Pu/Pr      =   0.240  --->  O.K ! 
           -. Muy/Mry    =   0.240  --->  O.K ! 
           -. Muz/Mrz    =   0.240  --->  O.K ! 
           -. Mu/Mr      =   0.240  --->  O.K ! 
           -. Ratio      =   0.240  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5266.06 kN. 
           -. Vuz    =        176.03 kN. 
           -. Muy    =       -288.43 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.58 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.72 
 
           -. Vuy    =        375.00 kN. 
           -. Muz    =       -643.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      176.03 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1226.60 kN. 
           -. phiVcz    = phi * Vcz =     1103.94 kN. 
 
           -. Vuy       =      375.00 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1183.75 kN. 
           -. phiVcy    = phi * Vcy =     1065.37 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2116.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5921.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2116.68 kN. 
           -. phiVsz   = phi*Vsz =     1905.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2092.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5964.74 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2092.56 kN. 
           -. phiVsy   = phi*Vsy =     1883.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     414.260 kN. 
           -. Vr       =    2948.677 kN. 
           -. Ratio    = Vu / Vr = 0.140  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      460.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      460.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0054 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0054 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0054 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117121,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5282.75      -200.42      -128.14      -456.07      -297.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5282.75      -200.42      -128.14      -456.07      -297.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      128.14 kN-m. 
           -. End Moments (My2) =      200.42 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -200.42 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -200.42 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      297.35 kN-m. 
           -. End Moments (Mz2) =      456.07 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -456.07 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -456.07 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24125.243 kN. 
           -. Mry        =       909.735 kN-m. 
           -. Mrz        =      2073.503 kN-m. 
           -. Mr         =      2264.295 kN-m. 
           -. Pu/Pr      =   0.219  --->  O.K ! 
           -. Muy/Mry    =   0.220  --->  O.K ! 
           -. Muz/Mrz    =   0.220  --->  O.K ! 
           -. Mu/Mr      =   0.220  --->  O.K ! 
           -. Ratio      =   0.220  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5282.75 kN. 
           -. Vuz    =        144.56 kN. 
           -. Muy    =       -200.42 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
 
           -. Vuy    =        317.46 kN. 
           -. Muz    =       -456.07 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.71 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      144.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1268.93 kN. 
           -. phiVcz    = phi * Vcz =     1142.04 kN. 
 
           -. Vuy       =      317.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1226.53 kN. 
           -. phiVcy    = phi * Vcy =     1103.88 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2139.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5879.56 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2139.26 kN. 
           -. phiVsz   = phi*Vsz =     1925.33 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2116.64 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5921.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2116.64 kN. 
           -. phiVsy   = phi*Vsy =     1904.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     348.831 kN. 
           -. Vr       =    3008.853 kN. 
           -. Ratio    = Vu / Vr = 0.116  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      387.59 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      387.59 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0062 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0062 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0062 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117122,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5316.09      -128.14       -71.94      -297.35      -170.27 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5316.09      -128.14       -71.94      -297.35      -170.27 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       71.94 kN-m. 
           -. End Moments (My2) =      128.14 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -71.94 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -71.94 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      170.27 kN-m. 
           -. End Moments (Mz2) =      297.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -170.27 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -170.27 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       329.420 kN-m. 
           -. Mrz        =       782.029 kN-m. 
           -. Mr         =       848.579 kN-m. 
           -. Pu/Pr      =   0.218  --->  O.K ! 
           -. Muy/Mry    =   0.218  --->  O.K ! 
           -. Muz/Mrz    =   0.218  --->  O.K ! 
           -. Mu/Mr      =   0.218  --->  O.K ! 
           -. Ratio      =   0.218  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5299.44 kN. 
           -. Vuz    =        112.40 kN. 
           -. Muy    =       -128.14 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.06 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.90 
 
           -. Vuy    =        254.16 kN. 
           -. Muz    =       -297.35 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.81 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1309.19 kN. 
           -. phiVcz    = phi * Vcz =     1178.27 kN. 
 
           -. Vuy       =      254.16 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1267.34 kN. 
           -. phiVcy    = phi * Vcy =     1140.61 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2159.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5839.29 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2159.67 kN. 
           -. phiVsz   = phi*Vsz =     1943.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2138.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5881.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2138.43 kN. 
           -. phiVsy   = phi*Vsy =     1924.59 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     277.908 kN. 
           -. Vr       =    3065.195 kN. 
           -. Ratio    = Vu / Vr = 0.091  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      308.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      308.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0069 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0069 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0069 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117123,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5332.77       -71.94       -31.90      -170.27       -77.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5332.77       -71.94       -31.90      -170.27       -77.09 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       31.90 kN-m. 
           -. End Moments (My2) =       71.94 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -31.90 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -31.90 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       77.09 kN-m. 
           -. End Moments (Mz2) =      170.27 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -77.09 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -77.09 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       146.427 kN-m. 
           -. Mrz        =       352.623 kN-m. 
           -. Mr         =       381.817 kN-m. 
           -. Pu/Pr      =   0.219  --->  O.K ! 
           -. Muy/Mry    =   0.218  --->  O.K ! 
           -. Muz/Mrz    =   0.219  --->  O.K ! 
           -. Mu/Mr      =   0.219  --->  O.K ! 
           -. Ratio      =   0.219  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5316.12 kN. 
           -. Vuz    =         80.09 kN. 
           -. Muy    =        -71.94 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.98 
 
           -. Vuy    =        186.36 kN. 
           -. Muz    =       -170.27 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.89 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       80.09 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1345.94 kN. 
           -. phiVcz    = phi * Vcz =     1211.35 kN. 
 
           -. Vuy       =      186.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1304.70 kN. 
           -. phiVcy    = phi * Vcy =     1174.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2177.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5802.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2177.46 kN. 
           -. phiVsz   = phi*Vsz =     1959.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2157.44 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5843.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2157.44 kN. 
           -. phiVsy   = phi*Vsy =     1941.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     202.841 kN. 
           -. Vr       =    3115.926 kN. 
           -. Ratio    = Vu / Vr = 0.065  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      225.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      225.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0076 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0076 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0076 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117124,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5349.44       -31.90        -7.96       -77.09       -19.73 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5349.44       -31.90        -7.96       -77.09       -19.73 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.96 kN-m. 
           -. End Moments (My2) =       31.90 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.96 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.96 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       19.73 kN-m. 
           -. End Moments (Mz2) =       77.09 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -19.73 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -19.73 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        36.381 kN-m. 
           -. Mrz        =        89.987 kN-m. 
           -. Mr         =        97.063 kN-m. 
           -. Pu/Pr      =   0.219  --->  O.K ! 
           -. Muy/Mry    =   0.219  --->  O.K ! 
           -. Muz/Mrz    =   0.219  --->  O.K ! 
           -. Mu/Mr      =   0.219  --->  O.K ! 
           -. Ratio      =   0.219  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5349.44 kN. 
           -. Vuz    =         47.90 kN. 
           -. Muy    =         -7.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        114.72 kN. 
           -. Muz    =        -19.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       47.90 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1371.58 kN. 
           -. phiVcz    = phi * Vcz =     1234.42 kN. 
 
           -. Vuy       =      114.72 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1330.82 kN. 
           -. phiVcy    = phi * Vcy =     1197.74 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2189.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5776.91 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2189.42 kN. 
           -. phiVsz   = phi*Vsz =     1970.48 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2170.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5817.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2170.23 kN. 
           -. phiVsy   = phi*Vsy =     1953.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     124.318 kN. 
           -. Vr       =    3150.943 kN. 
           -. Ratio    = Vu / Vr = 0.039  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      138.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      138.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117125,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5366.10        -7.96         0.00       -19.73         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5366.10        -7.96         0.00       -19.73         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        7.96 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =       19.73 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3361 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.220  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.220  --->  O.K ! 
           -. Ratio      =   0.220  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5366.10 kN. 
           -. Vuz    =         15.91 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         39.47 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       15.91 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1358.68 kN. 
           -. phiVcz    = phi * Vcz =     1222.81 kN. 
 
           -. Vuy       =       39.47 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1358.68 kN. 
           -. phiVcy    = phi * Vcy =     1222.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.45 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5789.80 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.45 kN. 
           -. phiVsz   = phi*Vsz =     1965.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2183.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5789.80 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2183.45 kN. 
           -. phiVsy   = phi*Vsy =     1965.10 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      42.552 kN. 
           -. Vr       =    3187.917 kN. 
           -. Ratio    = Vu / Vr = 0.013  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       47.28 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       47.28 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0086 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0086 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0086 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117202,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1560.41      1151.02      1282.88        19.40       581.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1560.41      1151.02      1282.88        19.40       581.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4848.729 kN. 
           -. Mry        =      3570.039 kN-m. 
           -. Mrz        =        49.584 kN-m. 
           -. Mr         =      3570.384 kN-m. 
           -. Pu/Pr      =   0.322  --->  O.K ! 
           -. Muy/Mry    =   0.322  --->  O.K ! 
           -. Muz/Mrz    =   0.391  --->  O.K ! 
           -. Mu/Mr      =   0.391  --->  O.K ! 
           -. Ratio      =   0.391  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4979.59 kN. 
           -. Vuz    =        466.63 kN. 
           -. Muy    =      -1301.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.21 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.27 
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           -. Vuy    =       1246.79 kN. 
           -. Muz    =       -846.73 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.65 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.17 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      466.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1024.47 kN. 
           -. phiVcz    = phi * Vcz =      922.03 kN. 
 
           -. Vuy       =     1246.79 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      981.33 kN. 
           -. phiVcy    = phi * Vcy =      883.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1989.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6124.01 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1989.77 kN. 
           -. phiVsz   = phi*Vsz =     1790.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1957.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6167.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1957.68 kN. 
           -. phiVsy   = phi*Vsy =     1761.92 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1331.253 kN. 
           -. Vr       =    2645.113 kN. 
           -. Ratio    = Vu / Vr = 0.503  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1479.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1479.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117203,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -785.58      1665.04      1923.89       382.51       750.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -785.58      1665.04      1923.89       382.51       750.46 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1723.839 kN. 
           -. Mry        =      4184.488 kN-m. 
           -. Mrz        =      1632.158 kN-m. 
           -. Mr         =      4491.534 kN-m. 
           -. Pu/Pr      =   0.456  --->  O.K ! 
           -. Muy/Mry    =   0.460  --->  O.K ! 
           -. Muz/Mrz    =   0.460  --->  O.K ! 
           -. Mu/Mr      =   0.460  --->  O.K ! 
           -. Ratio      =   0.460  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4996.40 kN. 
           -. Vuz    =        402.56 kN. 
           -. Muy    =      -1408.72 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.50 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =       1109.73 kN. 
           -. Muz    =      -1346.63 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.11 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      402.56 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      994.96 kN. 
           -. phiVcz    = phi * Vcz =      895.46 kN. 
 
           -. Vuy       =     1109.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      952.02 kN. 
           -. phiVcy    = phi * Vcy =      856.82 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1968.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6153.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1968.04 kN. 
           -. phiVsz   = phi*Vsz =     1771.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1934.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6196.47 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1934.68 kN. 
           -. phiVsy   = phi*Vsy =     1741.21 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =    1180.492 kN. 
           -. Vr       =    2598.028 kN. 
           -. Ratio    = Vu / Vr = 0.454  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1311.66 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1311.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117204,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -773.70      1923.89      2117.88       750.46      1048.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -773.70      1923.89      2117.88       750.46      1048.59 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -1492.094 kN. 
           -. Mry        =      4089.193 kN-m. 
           -. Mrz        =      2019.354 kN-m. 
           -. Mr         =      4560.624 kN-m. 
           -. Pu/Pr      =   0.519  --->  O.K ! 
           -. Muy/Mry    =   0.518  --->  O.K ! 
           -. Muz/Mrz    =   0.519  --->  O.K ! 
           -. Mu/Mr      =   0.519  --->  O.K ! 
           -. Ratio      =   0.519  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5013.22 kN. 
           -. Vuz    =        308.20 kN. 
           -. Muy    =      -1488.67 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.67 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.17 
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           -. Vuy    =        896.48 kN. 
           -. Muz    =      -1743.61 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.07 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      308.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      979.43 kN. 
           -. phiVcz    = phi * Vcz =      881.49 kN. 
 
           -. Vuy       =      896.48 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      936.63 kN. 
           -. phiVcy    = phi * Vcy =      842.97 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz > phiVcz  --->  Required shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy > phiVcy  --->  Required shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1956.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6169.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1956.22 kN. 
           -. phiVsz   = phi*Vsz =     1760.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1922.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6211.86 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1922.17 kN. 
           -. phiVsy   = phi*Vsy =     1729.95 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     947.979 kN. 
           -. Vr       =    2572.917 kN. 
           -. Ratio    = Vu / Vr = 0.368  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3374 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =     1053.31 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =     1053.31 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0009 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0009 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0009 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117205,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1512.91      1492.94      1544.65      1543.95      1864.70 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1512.91      1492.94      1544.65      1543.95      1864.70 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2658.907 kN. 
           -. Mry        =      2702.084 kN-m. 
           -. Mrz        =      3261.597 kN-m. 
           -. Mr         =      4235.478 kN-m. 
           -. Pu/Pr      =   0.569  --->  O.K ! 
           -. Muy/Mry    =   0.572  --->  O.K ! 
           -. Muz/Mrz    =   0.572  --->  O.K ! 
           -. Mu/Mr      =   0.572  --->  O.K ! 
           -. Ratio      =   0.572  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5030.02 kN. 
           -. Vuz    =        220.55 kN. 
           -. Muy    =      -1531.76 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.73 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.16 
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           -. Vuy    =        676.28 kN. 
           -. Muz    =      -2033.66 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.06 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      220.55 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      973.75 kN. 
           -. phiVcz    = phi * Vcz =      876.37 kN. 
 
           -. Vuy       =      676.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      931.00 kN. 
           -. phiVcy    = phi * Vcy =      837.90 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1951.83 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6174.74 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1951.83 kN. 
           -. phiVsz   = phi*Vsz =     1756.65 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1917.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6217.48 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1917.52 kN. 
           -. phiVsy   = phi*Vsy =     1725.77 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     711.338 kN. 
           -. Vr       =    2563.672 kN. 
           -. Ratio    = Vu / Vr = 0.277  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      790.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      790.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117206,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1501.06      1544.65      1553.20      1864.70      2077.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1501.06      1544.65      1553.20      1864.70      2077.19 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2484.515 kN. 
           -. Mry        =      2556.376 kN-m. 
           -. Mrz        =      3440.696 kN-m. 
           -. Mr         =      4286.426 kN-m. 
           -. Pu/Pr      =   0.604  --->  O.K ! 
           -. Muy/Mry    =   0.608  --->  O.K ! 
           -. Muz/Mrz    =   0.604  --->  O.K ! 
           -. Mu/Mr      =   0.608  --->  O.K ! 
           -. Ratio      =   0.608  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5046.82 kN. 
           -. Vuz    =        151.53 kN. 
           -. Muy    =      -1533.73 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.68 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.16 
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           -. Vuy    =        456.74 kN. 
           -. Muz    =      -2217.56 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.07 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      151.53 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      977.92 kN. 
           -. phiVcz    = phi * Vcz =      880.13 kN. 
 
           -. Vuy       =      456.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      935.13 kN. 
           -. phiVcy    = phi * Vcy =      841.62 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1955.06 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6170.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1955.06 kN. 
           -. phiVsz   = phi*Vsz =     1759.55 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1920.94 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6213.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1920.94 kN. 
           -. phiVsy   = phi*Vsy =     1728.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     481.218 kN. 
           -. Vr       =    2570.464 kN. 
           -. Ratio    = Vu / Vr = 0.187  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      534.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      534.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117207,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1489.20      1553.20      1529.75      2077.19      2208.74 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1489.20      1553.20      1529.75      2077.19      2208.74 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2396.374 kN. 
           -. Mry        =      2450.128 kN-m. 
           -. Mrz        =      3554.426 kN-m. 
           -. Mr         =      4317.068 kN-m. 
           -. Pu/Pr      =   0.621  --->  O.K ! 
           -. Muy/Mry    =   0.624  --->  O.K ! 
           -. Muz/Mrz    =   0.621  --->  O.K ! 
           -. Mu/Mr      =   0.624  --->  O.K ! 
           -. Ratio      =   0.624  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5063.61 kN. 
           -. Vuz    =        128.75 kN. 
           -. Muy    =      -1505.27 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.62 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.18 
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           -. Vuy    =        292.33 kN. 
           -. Muz    =      -2322.47 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  35.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.08 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      128.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      984.17 kN. 
           -. phiVcz    = phi * Vcz =      885.75 kN. 
 
           -. Vuy       =      292.33 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      941.32 kN. 
           -. phiVcy    = phi * Vcy =      847.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1959.86 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6164.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1959.86 kN. 
           -. phiVsz   = phi*Vsz =     1763.87 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1926.02 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6207.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1926.02 kN. 
           -. phiVsy   = phi*Vsy =     1733.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     319.425 kN. 
           -. Vr       =    2580.606 kN. 
           -. Ratio    = Vu / Vr = 0.124  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      354.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      354.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117208,  LCB = 152+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1477.34      1529.75      1479.47      2208.74      2272.60 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1477.34      1529.75      1479.47      2208.74      2272.60 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2356.930 kN. 
           -. Mry        =      2358.651 kN-m. 
           -. Mrz        =      3628.334 kN-m. 
           -. Mr         =      4327.591 kN-m. 
           -. Pu/Pr      =   0.627  --->  O.K ! 
           -. Muy/Mry    =   0.627  --->  O.K ! 
           -. Muz/Mrz    =   0.626  --->  O.K ! 
           -. Mu/Mr      =   0.627  --->  O.K ! 
           -. Ratio      =   0.627  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5080.39 kN. 
           -. Vuz    =        149.32 kN. 
           -. Muy    =      -1451.32 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.20 
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           -. Vuy    =        153.10 kN. 
           -. Muz    =      -2361.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.99 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.10 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      149.32 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      992.41 kN. 
           -. phiVcz    = phi * Vcz =      893.17 kN. 
 
           -. Vuy       =      153.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      949.50 kN. 
           -. phiVcy    = phi * Vcy =      854.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1966.12 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6156.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1966.12 kN. 
           -. phiVsz   = phi*Vsz =     1769.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1932.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6198.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1932.65 kN. 
           -. phiVsy   = phi*Vsy =     1739.38 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     213.854 kN. 
           -. Vr       =    2593.932 kN. 
           -. Ratio    = Vu / Vr = 0.082  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      237.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      237.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117209,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1477.46      1479.47      1407.96      2272.60      2279.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1477.46      1479.47      1407.96      2272.60      2279.26 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2356.930 kN. 
           -. Mry        =      2358.651 kN-m. 
           -. Mrz        =      3628.334 kN-m. 
           -. Mr         =      4327.591 kN-m. 
           -. Pu/Pr      =   0.627  --->  O.K ! 
           -. Muy/Mry    =   0.627  --->  O.K ! 
           -. Muz/Mrz    =   0.626  --->  O.K ! 
           -. Mu/Mr      =   0.627  --->  O.K ! 
           -. Ratio      =   0.627  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4329.29 kN. 
           -. Vuz    =        206.19 kN. 
           -. Muy    =      -2191.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.15 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.28 
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           -. Vuy    =         48.88 kN. 
           -. Muz    =      -1649.78 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.58 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.19 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      206.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1030.98 kN. 
           -. phiVcz    = phi * Vcz =      927.89 kN. 
 
           -. Vuy       =       48.88 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      987.80 kN. 
           -. phiVcy    = phi * Vcy =      889.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1994.43 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6117.50 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1994.43 kN. 
           -. phiVsz   = phi*Vsz =     1794.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1962.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6160.68 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1962.63 kN. 
           -. phiVsy   = phi*Vsy =     1766.37 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     211.899 kN. 
           -. Vr       =    2655.390 kN. 
           -. Ratio    = Vu / Vr = 0.080  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      235.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      235.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117210,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1465.58      1407.96      1323.34      2279.26      2248.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1465.58      1407.96      1323.34      2279.26      2248.43 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2356.986 kN. 
           -. Mry        =      2276.871 kN-m. 
           -. Mrz        =      3680.196 kN-m. 
           -. Mr         =      4327.584 kN-m. 
           -. Pu/Pr      =   0.622  --->  O.K ! 
           -. Muy/Mry    =   0.618  --->  O.K ! 
           -. Muz/Mrz    =   0.619  --->  O.K ! 
           -. Mu/Mr      =   0.622  --->  O.K ! 
           -. Ratio      =   0.622  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4346.03 kN. 
           -. Vuz    =        246.46 kN. 
           -. Muy    =      -2096.58 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.29 
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           -. Vuy    =         83.87 kN. 
           -. Muz    =      -1633.97 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.20 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      246.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1035.02 kN. 
           -. phiVcz    = phi * Vcz =      931.52 kN. 
 
           -. Vuy       =       83.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      991.82 kN. 
           -. phiVcy    = phi * Vcy =      892.63 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1997.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6113.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1997.30 kN. 
           -. phiVsz   = phi*Vsz =     1797.57 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1965.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6156.67 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1965.67 kN. 
           -. phiVsy   = phi*Vsy =     1769.10 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     260.335 kN. 
           -. Vr       =    2661.738 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      289.26 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      289.26 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0018 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0018 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0018 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117211,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1453.70      1323.34      1229.39      2248.43      2188.40 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1453.70      1323.34      1229.39      2248.43      2188.40 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2394.298 kN. 
           -. Mry        =      2196.724 kN-m. 
           -. Mrz        =      3716.647 kN-m. 
           -. Mr         =      4317.298 kN-m. 
           -. Pu/Pr      =   0.607  --->  O.K ! 
           -. Muy/Mry    =   0.602  --->  O.K ! 
           -. Muz/Mrz    =   0.605  --->  O.K ! 
           -. Mu/Mr      =   0.607  --->  O.K ! 
           -. Ratio      =   0.607  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4362.77 kN. 
           -. Vuz    =        276.57 kN. 
           -. Muy    =      -1979.70 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.31 
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           -. Vuy    =        120.44 kN. 
           -. Muz    =      -1593.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.45 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.21 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      276.57 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1043.46 kN. 
           -. phiVcz    = phi * Vcz =      939.12 kN. 
 
           -. Vuy       =      120.44 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1000.22 kN. 
           -. phiVcy    = phi * Vcy =      900.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2003.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6105.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2003.26 kN. 
           -. phiVsz   = phi*Vsz =     1802.93 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1971.98 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6148.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1971.98 kN. 
           -. phiVsy   = phi*Vsy =     1774.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     301.656 kN. 
           -. Vr       =    2674.983 kN. 
           -. Ratio    = Vu / Vr = 0.113  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      335.17 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      335.17 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0015 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117212,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1441.80      1229.39      1129.44      2188.40      2107.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1441.80      1229.39      1129.44      2188.40      2107.69 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2465.717 kN. 
           -. Mry        =      2113.626 kN-m. 
           -. Mrz        =      3741.094 kN-m. 
           -. Mr         =      4296.883 kN-m. 
           -. Pu/Pr      =   0.585  --->  O.K ! 
           -. Muy/Mry    =   0.582  --->  O.K ! 
           -. Muz/Mrz    =   0.585  --->  O.K ! 
           -. Mu/Mr      =   0.585  --->  O.K ! 
           -. Ratio      =   0.585  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4379.50 kN. 
           -. Vuz    =        297.45 kN. 
           -. Muy    =      -1846.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.92 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.34 
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           -. Vuy    =        147.84 kN. 
           -. Muz    =      -1534.51 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.33 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.24 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      297.45 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1055.97 kN. 
           -. phiVcz    = phi * Vcz =      950.37 kN. 
 
           -. Vuy       =      147.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1012.67 kN. 
           -. phiVcy    = phi * Vcy =      911.40 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2011.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6092.52 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2011.94 kN. 
           -. phiVsz   = phi*Vsz =     1810.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1981.19 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6135.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1981.19 kN. 
           -. phiVsy   = phi*Vsy =     1783.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     332.169 kN. 
           -. Vr       =    2694.475 kN. 
           -. Ratio    = Vu / Vr = 0.123  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      369.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      369.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117213,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1429.90      1129.44      1008.76      2107.69      1957.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1429.90      1129.44      1008.76      2107.69      1957.76 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2565.830 kN. 
           -. Mry        =      2021.623 kN-m. 
           -. Mrz        =      3757.253 kN-m. 
           -. Mr         =      4266.604 kN-m. 
           -. Pu/Pr      =   0.557  --->  O.K ! 
           -. Muy/Mry    =   0.559  --->  O.K ! 
           -. Muz/Mrz    =   0.561  --->  O.K ! 
           -. Mu/Mr      =   0.561  --->  O.K ! 
           -. Ratio      =   0.561  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       4396.23 kN. 
           -. Vuz    =        361.16 kN. 
           -. Muy    =      -1702.18 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.35 
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           -. Vuy    =        236.57 kN. 
           -. Muz    =      -1462.60 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.25 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.26 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      361.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1063.52 kN. 
           -. phiVcz    = phi * Vcz =      957.17 kN. 
 
           -. Vuy       =      236.57 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1020.20 kN. 
           -. phiVcy    = phi * Vcy =      918.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2017.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6084.97 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2017.11 kN. 
           -. phiVsz   = phi*Vsz =     1815.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1986.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6128.29 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1986.68 kN. 
           -. phiVsy   = phi*Vsy =     1788.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     431.745 kN. 
           -. Vr       =    2706.188 kN. 
           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      479.72 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      479.72 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117214,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1417.99      1008.76       877.37      1957.76      1760.75 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1417.99      1008.76       877.37      1957.76      1760.75 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2739.229 kN. 
           -. Mry        =      1941.856 kN-m. 
           -. Mrz        =      3740.967 kN-m. 
           -. Mr         =      4214.931 kN-m. 
           -. Pu/Pr      =   0.518  --->  O.K ! 
           -. Muy/Mry    =   0.519  --->  O.K ! 
           -. Muz/Mrz    =   0.523  --->  O.K ! 
           -. Mu/Mr      =   0.523  --->  O.K ! 
           -. Ratio      =   0.523  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5164.29 kN. 
           -. Vuz    =        262.99 kN. 
           -. Muy    =       -975.91 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  34.20 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.27 
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           -. Vuy    =        418.78 kN. 
           -. Muz    =      -1951.77 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.63 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      262.99 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1026.02 kN. 
           -. phiVcz    = phi * Vcz =      923.42 kN. 
 
           -. Vuy       =      418.78 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      982.87 kN. 
           -. phiVcy    = phi * Vcy =      884.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     1990.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6122.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     1990.88 kN. 
           -. phiVsz   = phi*Vsz =     1791.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1958.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6165.62 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1958.86 kN. 
           -. phiVsy   = phi*Vsy =     1762.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     494.513 kN. 
           -. Vr       =    2647.558 kN. 
           -. Ratio    = Vu / Vr = 0.187  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      549.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      549.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0006 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0006 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0006 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117215,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1406.08       877.37       743.22      1760.75      1535.85 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1406.08       877.37       743.22      1760.75      1535.85 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -2969.530 kN. 
           -. Mry        =      1853.526 kN-m. 
           -. Mrz        =      3715.954 kN-m. 
           -. Mr         =      4152.574 kN-m. 
           -. Pu/Pr      =   0.474  --->  O.K ! 
           -. Muy/Mry    =   0.473  --->  O.K ! 
           -. Muz/Mrz    =   0.474  --->  O.K ! 
           -. Mu/Mr      =   0.474  --->  O.K ! 
           -. Ratio      =   0.474  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5181.02 kN. 
           -. Vuz    =        264.91 kN. 
           -. Muy    =       -846.90 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.32 
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           -. Vuy    =        464.71 kN. 
           -. Muz    =      -1745.92 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.40 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      264.91 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1048.80 kN. 
           -. phiVcz    = phi * Vcz =      943.92 kN. 
 
           -. Vuy       =      464.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1005.53 kN. 
           -. phiVcy    = phi * Vcy =      904.98 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2006.98 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6099.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2006.98 kN. 
           -. phiVsz   = phi*Vsz =     1806.28 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1975.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6142.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1975.93 kN. 
           -. phiVsy   = phi*Vsy =     1778.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     534.913 kN. 
           -. Vr       =    2683.318 kN. 
           -. Ratio    = Vu / Vr = 0.199  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      594.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      594.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0013 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0013 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117216,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1394.16       743.22       612.40      1535.85      1299.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1394.16       743.22       612.40      1535.85      1299.09 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3306.523 kN. 
           -. Mry        =      1761.741 kN-m. 
           -. Mrz        =      3654.231 kN-m. 
           -. Mr         =      4056.740 kN-m. 
           -. Pu/Pr      =   0.422  --->  O.K ! 
           -. Muy/Mry    =   0.422  --->  O.K ! 
           -. Muz/Mrz    =   0.420  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5197.75 kN. 
           -. Vuz    =        256.19 kN. 
           -. Muy    =       -715.96 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.39 
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           -. Vuy    =        479.81 kN. 
           -. Muz    =      -1515.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  34.11 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.29 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      256.19 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1078.69 kN. 
           -. phiVcz    = phi * Vcz =      970.82 kN. 
 
           -. Vuy       =      479.81 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1035.33 kN. 
           -. phiVcy    = phi * Vcy =      931.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2027.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6069.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2027.33 kN. 
           -. phiVsz   = phi*Vsz =     1824.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     1997.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6113.15 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     1997.52 kN. 
           -. phiVsy   = phi*Vsy =     1797.77 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     543.918 kN. 
           -. Vr       =    2729.569 kN. 
           -. Ratio    = Vu / Vr = 0.199  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3422 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      604.35 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      604.35 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117217,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1382.23       612.40       489.37      1299.09      1063.26 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1382.23       612.40       489.37      1299.09      1063.26 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -3775.919 kN. 
           -. Mry        =      1667.078 kN-m. 
           -. Mrz        =      3536.829 kN-m. 
           -. Mr         =      3910.027 kN-m. 
           -. Pu/Pr      =   0.366  --->  O.K ! 
           -. Muy/Mry    =   0.367  --->  O.K ! 
           -. Muz/Mrz    =   0.367  --->  O.K ! 
           -. Mu/Mr      =   0.367  --->  O.K ! 
           -. Ratio      =   0.367  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5214.47 kN. 
           -. Vuz    =        239.51 kN. 
           -. Muy    =       -588.83 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.42 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.47 
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           -. Vuy    =        471.83 kN. 
           -. Muz    =      -1276.84 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.37 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      239.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1113.86 kN. 
           -. phiVcz    = phi * Vcz =     1002.47 kN. 
 
           -. Vuy       =      471.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1070.47 kN. 
           -. phiVcy    = phi * Vcy =      963.43 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.449 m. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.449 m. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2050.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     6034.63 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2050.21 kN. 
           -. phiVsz   = phi*Vsz =     1845.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2021.82 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6078.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2021.82 kN. 
           -. phiVsy   = phi*Vsy =     1819.64 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     529.138 kN. 
           -. Vr       =    2783.062 kN. 
           -. Ratio    = Vu / Vr = 0.190  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      587.93 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      587.93 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0030 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0030 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0030 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117218,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1370.29       489.37       377.30      1063.26       838.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1370.29       489.37       377.30      1063.26       838.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -4374.513 kN. 
           -. Mry        =      1553.662 kN-m. 
           -. Mrz        =      3374.323 kN-m. 
           -. Mr         =      3714.825 kN-m. 
           -. Pu/Pr      =   0.313  --->  O.K ! 
           -. Muy/Mry    =   0.315  --->  O.K ! 
           -. Muz/Mrz    =   0.315  --->  O.K ! 
           -. Mu/Mr      =   0.315  --->  O.K ! 
           -. Ratio      =   0.315  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5231.18 kN. 
           -. Vuz    =        217.20 kN. 
           -. Muy    =       -469.71 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  33.11 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.55 
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           -. Vuy    =        446.55 kN. 
           -. Muz    =      -1041.09 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.46 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.46 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      217.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1152.66 kN. 
           -. phiVcz    = phi * Vcz =     1037.39 kN. 
 
           -. Vuy       =      446.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1109.35 kN. 
           -. phiVcy    = phi * Vcy =      998.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2074.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5995.83 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2074.21 kN. 
           -. phiVsz   = phi*Vsz =     1866.78 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2047.33 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     6039.14 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2047.33 kN. 
           -. phiVsy   = phi*Vsy =     1842.60 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     496.568 kN. 
           -. Vr       =    2841.014 kN. 
           -. Ratio    = Vu / Vr = 0.175  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      551.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      551.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117219,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1358.35       377.30       278.30       838.21       631.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1358.35       377.30       278.30       838.21       631.36 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     -5137.495 kN. 
           -. Mry        =      1418.303 kN-m. 
           -. Mrz        =      3159.866 kN-m. 
           -. Mr         =      3463.573 kN-m. 
           -. Pu/Pr      =   0.264  --->  O.K ! 
           -. Muy/Mry    =   0.266  --->  O.K ! 
           -. Muz/Mrz    =   0.265  --->  O.K ! 
           -. Mu/Mr      =   0.266  --->  O.K ! 
           -. Ratio      =   0.266  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5247.88 kN. 
           -. Vuz    =        191.14 kN. 
           -. Muy    =       -361.52 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.64 
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           -. Vuy    =        407.77 kN. 
           -. Muz    =       -817.83 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  33.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.55 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      191.14 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1193.63 kN. 
           -. phiVcz    = phi * Vcz =     1074.26 kN. 
 
           -. Vuy       =      407.77 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1150.52 kN. 
           -. phiVcy    = phi * Vcy =     1035.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2098.24 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5954.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2098.24 kN. 
           -. phiVsz   = phi*Vsz =     1888.42 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2072.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5997.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2072.92 kN. 
           -. phiVsy   = phi*Vsy =     1865.63 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     450.342 kN. 
           -. Vr       =    2901.096 kN. 
           -. Ratio    = Vu / Vr = 0.155  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      500.38 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      500.38 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0048 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0047 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0047 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117220,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5264.58      -266.21      -184.92      -613.95      -434.41 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5264.58      -266.21      -184.92      -613.95      -434.41 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      184.92 kN-m. 
           -. End Moments (My2) =      266.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -266.21 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -266.21 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      434.41 kN-m. 
           -. End Moments (Mz2) =      613.95 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -613.95 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -613.95 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     22311.094 kN. 
           -. Mry        =      1123.355 kN-m. 
           -. Mrz        =      2592.206 kN-m. 
           -. Mr         =      2825.147 kN-m. 
           -. Pu/Pr      =   0.236  --->  O.K ! 
           -. Muy/Mry    =   0.237  --->  O.K ! 
           -. Muz/Mrz    =   0.237  --->  O.K ! 
           -. Mu/Mr      =   0.237  --->  O.K ! 
           -. Ratio      =   0.237  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5264.58 kN. 
           -. Vuz    =        162.88 kN. 
           -. Muy    =       -266.21 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.53 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.73 
 
           -. Vuy    =        359.07 kN. 
           -. Muz    =       -613.95 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      162.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1235.27 kN. 
           -. phiVcz    = phi * Vcz =     1111.74 kN. 
 
           -. Vuy       =      359.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1192.50 kN. 
           -. phiVcy    = phi * Vcy =     1073.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2121.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5913.22 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2121.40 kN. 
           -. phiVsz   = phi*Vsz =     1909.26 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2097.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5955.99 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2097.60 kN. 
           -. phiVsy   = phi*Vsy =     1887.84 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     394.291 kN. 
           -. Vr       =    2961.086 kN. 
           -. Ratio    = Vu / Vr = 0.133  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      438.10 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      438.10 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0056 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0056 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0056 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117221,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5281.27      -184.92      -118.26      -434.41      -282.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5281.27      -184.92      -118.26      -434.41      -282.79 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =      118.26 kN-m. 
           -. End Moments (My2) =      184.92 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -184.92 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -184.92 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      282.79 kN-m. 
           -. End Moments (Mz2) =      434.41 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -434.41 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -434.41 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24384.903 kN. 
           -. Mry        =       850.536 kN-m. 
           -. Mrz        =      2003.552 kN-m. 
           -. Mr         =      2176.610 kN-m. 
           -. Pu/Pr      =   0.217  --->  O.K ! 
           -. Muy/Mry    =   0.217  --->  O.K ! 
           -. Muz/Mrz    =   0.217  --->  O.K ! 
           -. Mu/Mr      =   0.217  --->  O.K ! 
           -. Ratio      =   0.217  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5281.27 kN. 
           -. Vuz    =        133.51 kN. 
           -. Muy    =       -184.92 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.82 
 
           -. Vuy    =        303.24 kN. 
           -. Muz    =       -434.41 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.73 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      133.51 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1276.11 kN. 
           -. phiVcz    = phi * Vcz =     1148.50 kN. 
 
           -. Vuy       =      303.24 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1233.80 kN. 
           -. phiVcy    = phi * Vcy =     1110.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2142.97 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5872.38 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2142.97 kN. 
           -. phiVsz   = phi*Vsz =     1928.67 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2120.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5914.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2120.60 kN. 
           -. phiVsy   = phi*Vsy =     1908.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     331.331 kN. 
           -. Vr       =    3018.962 kN. 
           -. Ratio    = Vu / Vr = 0.110  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      368.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      368.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0063 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0063 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0063 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117222,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5314.61      -118.26       -66.44      -282.79      -161.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5314.61      -118.26       -66.44      -282.79      -161.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       66.44 kN-m. 
           -. End Moments (My2) =      118.26 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -66.44 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -66.44 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      161.69 kN-m. 
           -. End Moments (Mz2) =      282.79 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -161.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -161.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       305.973 kN-m. 
           -. Mrz        =       742.116 kN-m. 
           -. Mr         =       802.718 kN-m. 
           -. Pu/Pr      =   0.218  --->  O.K ! 
           -. Muy/Mry    =   0.217  --->  O.K ! 
           -. Muz/Mrz    =   0.218  --->  O.K ! 
           -. Mu/Mr      =   0.218  --->  O.K ! 
           -. Ratio      =   0.218  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5297.96 kN. 
           -. Vuz    =        103.72 kN. 
           -. Muy    =       -118.26 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
 
           -. Vuy    =        242.21 kN. 
           -. Muz    =       -282.79 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.82 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =      103.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1314.74 kN. 
           -. phiVcz    = phi * Vcz =     1183.26 kN. 
 
           -. Vuy       =      242.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1272.97 kN. 
           -. phiVcy    = phi * Vcy =     1145.67 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2162.40 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5833.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2162.40 kN. 
           -. phiVsz   = phi*Vsz =     1946.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2141.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5875.52 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2141.35 kN. 
           -. phiVsy   = phi*Vsy =     1927.22 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     263.484 kN. 
           -. Vr       =    3072.890 kN. 
           -. Ratio    = Vu / Vr = 0.086  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      292.76 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      292.76 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0070 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0070 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0070 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117223,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5331.29       -66.44       -29.50      -161.69       -73.09 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5331.29       -66.44       -29.50      -161.69       -73.09 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       29.50 kN-m. 
           -. End Moments (My2) =       66.44 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -29.50 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -29.50 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       73.09 kN-m. 
           -. End Moments (Mz2) =      161.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -73.09 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -73.09 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3449 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =       135.381 kN-m. 
           -. Mrz        =       334.442 kN-m. 
           -. Mr         =       360.804 kN-m. 
           -. Pu/Pr      =   0.218  --->  O.K ! 
           -. Muy/Mry    =   0.218  --->  O.K ! 
           -. Muz/Mrz    =   0.219  --->  O.K ! 
           -. Mu/Mr      =   0.219  --->  O.K ! 
           -. Ratio      =   0.219  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5314.63 kN. 
           -. Vuz    =         73.92 kN. 
           -. Muy    =        -66.44 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.99 
 
           -. Vuy    =        177.20 kN. 
           -. Muz    =       -161.69 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  32.07 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.90 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       73.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1349.81 kN. 
           -. phiVcz    = phi * Vcz =     1214.83 kN. 
 
           -. Vuy       =      177.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1308.63 kN. 
           -. phiVcy    = phi * Vcy =     1177.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2179.28 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5798.68 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2179.28 kN. 
           -. phiVsz   = phi*Vsz =     1961.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2159.39 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5839.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2159.39 kN. 
           -. phiVsy   = phi*Vsy =     1943.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     191.998 kN. 
           -. Vr       =    3121.223 kN. 
           -. Ratio    = Vu / Vr = 0.062  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      213.33 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      213.33 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0076 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0076 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0076 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117224,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5347.96       -29.50        -7.38       -73.09       -18.67 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5347.96       -29.50        -7.38       -73.09       -18.67 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.38 kN-m. 
           -. End Moments (My2) =       29.50 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       18.67 kN-m. 
           -. End Moments (Mz2) =       73.09 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -18.67 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -18.67 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =        33.722 kN-m. 
           -. Mrz        =        85.173 kN-m. 
           -. Mr         =        91.606 kN-m. 
           -. Pu/Pr      =   0.219  --->  O.K ! 
           -. Muy/Mry    =   0.219  --->  O.K ! 
           -. Muz/Mrz    =   0.219  --->  O.K ! 
           -. Mu/Mr      =   0.219  --->  O.K ! 
           -. Ratio      =   0.219  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5347.96 kN. 
           -. Vuz    =         44.27 kN. 
           -. Muy    =         -7.38 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.04 
 
           -. Vuy    =        108.84 kN. 
           -. Muz    =        -18.67 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       44.27 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1374.06 kN. 
           -. phiVcz    = phi * Vcz =     1236.65 kN. 
 
           -. Vuy       =      108.84 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1333.35 kN. 
           -. phiVcy    = phi * Vcy =     1200.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2190.56 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5774.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2190.56 kN. 
           -. phiVsz   = phi*Vsz =     1971.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2171.45 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5815.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2171.45 kN. 
           -. phiVsy   = phi*Vsy =     1954.31 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =     117.495 kN. 
           -. Vr       =    3154.322 kN. 
           -. Ratio    = Vu / Vr = 0.037  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      130.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      130.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0083 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0083 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0083 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =117225,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    64) : Pilote_1.20 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.200 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         25-#14 (    0.0363)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#6  @150 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           5364.62        -7.38         0.00       -18.67         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     5364.62        -7.38         0.00       -18.67         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        7.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.300 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    1.667  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =       18.67 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.300 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    1.667  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0321 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     24404.708 kN. 
           -. Pr         =     24404.708 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.220  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.220  --->  O.K ! 
           -. Ratio      =   0.220  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0006 m^2. 
           -. Pu     =       5364.62 kN. 
           -. Vuz    =         14.75 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.20 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.86 m. 
           -. thetaz =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.01 
 
           -. Vuy    =         37.34 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.20 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.86 m. 
           -. thetay =  31.78 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.01 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       14.75 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1359.70 kN. 
           -. phiVcz    = phi * Vcz =     1223.73 kN. 
 
           -. Vuy       =       37.34 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1359.70 kN. 
           -. phiVcy    = phi * Vcy =     1223.73 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.610 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.150 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.610 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.150 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.150 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =     2183.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     5788.79 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =     2183.92 kN. 
           -. phiVsz   = phi*Vsz =     1965.53 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0038 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =     2183.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     5788.79 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =     2183.92 kN. 
           -. phiVsy   = phi*Vsy =     1965.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0038 m^2/m. 
 
           -. Vu       =      40.148 kN. 
           -. Vr       =    3189.260 kN. 
           -. Ratio    = Vu / Vr = 0.013  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       44.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       44.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0086 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0086 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0086 m^2. 
           -. As      =   0.0363 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3459 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121002,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -921.81       507.76       575.02       948.03       791.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -921.81       507.76       575.02       948.03       791.36 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2046.019 kN. 
           -. Mry        =      1126.886 kN-m. 
           -. Mrz        =      2119.711 kN-m. 
           -. Mr         =      2400.635 kN-m. 
           -. Pu/Pr      =   0.451  --->  O.K ! 
           -. Muy/Mry    =   0.451  --->  O.K ! 
           -. Muz/Mrz    =   0.447  --->  O.K ! 
           -. Mu/Mr      =   0.451  --->  O.K ! 
           -. Ratio      =   0.451  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1653.33 kN. 
           -. Vuz    =        486.21 kN. 
           -. Muy    =       -774.68 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.60 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
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           -. Vuy    =        180.03 kN. 
           -. Muz    =       -573.61 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      486.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      850.54 kN. 
           -. phiVcz    = phi * Vcz =      765.48 kN. 
 
           -. Vuy       =      180.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      806.65 kN. 
           -. phiVcy    = phi * Vcy =      725.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      601.05 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4113.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      601.05 kN. 
           -. phiVsz   = phi*Vsz =      540.94 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      590.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4157.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      590.78 kN. 
           -. phiVsy   = phi*Vsy =      531.70 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     518.470 kN. 
           -. Vr       =    1257.691 kN. 
           -. Ratio    = Vu / Vr = 0.412  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      576.08 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      576.08 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0020 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0020 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0020 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121003,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -913.76       575.02       644.77       791.36       645.63 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -913.76       575.02       644.77       791.36       645.63 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2215.920 kN. 
           -. Mry        =      1396.607 kN-m. 
           -. Mrz        =      1904.156 kN-m. 
           -. Mr         =      2361.424 kN-m. 
           -. Pu/Pr      =   0.412  --->  O.K ! 
           -. Muy/Mry    =   0.412  --->  O.K ! 
           -. Muz/Mrz    =   0.416  --->  O.K ! 
           -. Mu/Mr      =   0.416  --->  O.K ! 
           -. Ratio      =   0.416  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2162.19 kN. 
           -. Vuz    =        283.70 kN. 
           -. Muy    =       -609.67 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.61 
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           -. Vuy    =        323.03 kN. 
           -. Muz    =       -805.15 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.39 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.47 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      283.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      819.98 kN. 
           -. phiVcz    = phi * Vcz =      737.98 kN. 
 
           -. Vuy       =      323.03 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      775.81 kN. 
           -. phiVcy    = phi * Vcy =      698.23 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      593.99 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4144.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      593.99 kN. 
           -. phiVsz   = phi*Vsz =      534.59 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      583.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4188.42 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      583.04 kN. 
           -. phiVsy   = phi*Vsy =      524.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     429.925 kN. 
           -. Vr       =    1222.965 kN. 
           -. Ratio    = Vu / Vr = 0.352  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      477.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      477.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121004,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -388.50       911.04      1050.48       509.29       461.64 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -388.50       911.04      1050.48       509.29       461.64 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -886.917 kN. 
           -. Mry        =      2425.567 kN-m. 
           -. Mrz        =      1054.928 kN-m. 
           -. Mr         =      2645.043 kN-m. 
           -. Pu/Pr      =   0.438  --->  O.K ! 
           -. Muy/Mry    =   0.433  --->  O.K ! 
           -. Muz/Mrz    =   0.438  --->  O.K ! 
           -. Mu/Mr      =   0.438  --->  O.K ! 
           -. Ratio      =   0.438  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2174.02 kN. 
           -. Vuz    =        235.69 kN. 
           -. Muy    =       -669.65 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3469 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        299.43 kN. 
           -. Muz    =       -656.23 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.18 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      235.69 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      838.79 kN. 
           -. phiVcz    = phi * Vcz =      754.91 kN. 
 
           -. Vuy       =      299.43 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      794.78 kN. 
           -. phiVcy    = phi * Vcy =      715.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      598.38 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4125.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      598.38 kN. 
           -. phiVsz   = phi*Vsz =      538.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      587.86 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4169.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      587.86 kN. 
           -. phiVsy   = phi*Vsy =      529.07 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     381.059 kN. 
           -. Vr       =    1244.371 kN. 
           -. Ratio    = Vu / Vr = 0.306  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      423.40 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      423.40 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3471 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121005,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -380.29      1050.48      1157.34       461.64       417.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -380.29      1050.48      1157.34       461.64       417.19 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -822.063 kN. 
           -. Mry        =      2497.551 kN-m. 
           -. Mrz        =       900.497 kN-m. 
           -. Mr         =      2654.931 kN-m. 
           -. Pu/Pr      =   0.463  --->  O.K ! 
           -. Muy/Mry    =   0.463  --->  O.K ! 
           -. Muz/Mrz    =   0.463  --->  O.K ! 
           -. Mu/Mr      =   0.463  --->  O.K ! 
           -. Ratio      =   0.463  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2185.84 kN. 
           -. Vuz    =        190.73 kN. 
           -. Muy    =       -724.18 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.57 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.72 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        275.30 kN. 
           -. Muz    =       -519.67 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.58 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      190.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      853.04 kN. 
           -. phiVcz    = phi * Vcz =      767.74 kN. 
 
           -. Vuy       =      275.30 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      809.19 kN. 
           -. phiVcy    = phi * Vcy =      728.27 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      601.61 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4111.19 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      601.61 kN. 
           -. phiVsz   = phi*Vsz =      541.45 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      591.40 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4155.04 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      591.40 kN. 
           -. phiVsy   = phi*Vsy =      532.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     334.915 kN. 
           -. Vr       =    1260.527 kN. 
           -. Ratio    = Vu / Vr = 0.266  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      372.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      372.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121006,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -372.08      1157.34      1232.31       417.19       377.14 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -372.08      1157.34      1232.31       417.19       377.14 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -777.389 kN. 
           -. Mry        =      2547.128 kN-m. 
           -. Mrz        =       790.736 kN-m. 
           -. Mr         =      2667.044 kN-m. 
           -. Pu/Pr      =   0.479  --->  O.K ! 
           -. Muy/Mry    =   0.484  --->  O.K ! 
           -. Muz/Mrz    =   0.477  --->  O.K ! 
           -. Mu/Mr      =   0.484  --->  O.K ! 
           -. Ratio      =   0.484  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2197.66 kN. 
           -. Vuz    =        149.82 kN. 
           -. Muy    =       -767.89 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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           -. Vuy    =        250.99 kN. 
           -. Muz    =       -397.64 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      149.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      863.38 kN. 
           -. phiVcz    = phi * Vcz =      777.04 kN. 
 
           -. Vuy       =      250.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      819.67 kN. 
           -. phiVcy    = phi * Vcy =      737.70 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      603.90 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4100.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      603.90 kN. 
           -. phiVsz   = phi*Vsz =      543.51 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      593.91 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4144.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      593.91 kN. 
           -. phiVsy   = phi*Vsy =      534.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     292.307 kN. 
           -. Vr       =    1272.220 kN. 
           -. Ratio    = Vu / Vr = 0.230  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      324.79 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      324.79 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121007,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -363.87      1232.31      1277.95       377.14       346.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -363.87      1232.31      1277.95       377.14       346.18 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -736.110 kN. 
           -. Mry        =      2580.639 kN-m. 
           -. Mrz        =       713.664 kN-m. 
           -. Mr         =      2677.502 kN-m. 
           -. Pu/Pr      =   0.494  --->  O.K ! 
           -. Muy/Mry    =   0.495  --->  O.K ! 
           -. Muz/Mrz    =   0.485  --->  O.K ! 
           -. Mu/Mr      =   0.495  --->  O.K ! 
           -. Ratio      =   0.495  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2209.46 kN. 
           -. Vuz    =        114.20 kN. 
           -. Muy    =       -798.18 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3481 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        226.83 kN. 
           -. Muz    =       -295.24 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      114.20 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      870.76 kN. 
           -. phiVcz    = phi * Vcz =      783.68 kN. 
 
           -. Vuy       =      226.83 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      827.15 kN. 
           -. phiVcy    = phi * Vcy =      744.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      605.50 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4093.47 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      605.50 kN. 
           -. phiVsz   = phi*Vsz =      544.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      595.68 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4137.08 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      595.68 kN. 
           -. phiVsy   = phi*Vsy =      536.11 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     253.960 kN. 
           -. Vr       =    1280.548 kN. 
           -. Ratio    = Vu / Vr = 0.198  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      282.18 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      282.18 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121008,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -355.66      1277.95      1296.15       346.18       332.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -355.66      1277.95      1296.15       346.18       332.83 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -710.813 kN. 
           -. Mry        =      2595.424 kN-m. 
           -. Mrz        =       682.888 kN-m. 
           -. Mr         =      2683.759 kN-m. 
           -. Pu/Pr      =   0.500  --->  O.K ! 
           -. Muy/Mry    =   0.499  --->  O.K ! 
           -. Muz/Mrz    =   0.487  --->  O.K ! 
           -. Mu/Mr      =   0.500  --->  O.K ! 
           -. Ratio      =   0.500  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2232.83 kN. 
           -. Vuz    =         85.73 kN. 
           -. Muy    =       -818.24 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.79 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3485 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        203.13 kN. 
           -. Muz    =       -220.57 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.79 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.65 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       85.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      874.65 kN. 
           -. phiVcz    = phi * Vcz =      787.18 kN. 
 
           -. Vuy       =      203.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      831.10 kN. 
           -. phiVcy    = phi * Vcy =      747.99 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      606.34 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4089.58 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      606.34 kN. 
           -. phiVsz   = phi*Vsz =      545.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      596.60 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4133.13 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      596.60 kN. 
           -. phiVsy   = phi*Vsy =      536.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     220.482 kN. 
           -. Vr       =    1284.932 kN. 
           -. Ratio    = Vu / Vr = 0.172  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      244.98 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      244.98 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=2.2669e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=3.0174e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =3.0174e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121009,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -355.76      1296.15      1289.42       332.83       332.84 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -355.76      1296.15      1289.42       332.83       332.84 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -710.813 kN. 
           -. Mry        =      2595.424 kN-m. 
           -. Mrz        =       682.888 kN-m. 
           -. Mr         =      2683.759 kN-m. 
           -. Pu/Pr      =   0.501  --->  O.K ! 
           -. Muy/Mry    =   0.499  --->  O.K ! 
           -. Muz/Mrz    =   0.487  --->  O.K ! 
           -. Mu/Mr      =   0.501  --->  O.K ! 
           -. Ratio      =   0.501  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2244.62 kN. 
           -. Vuz    =         73.12 kN. 
           -. Muy    =       -808.35 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.34 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
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           -. Vuy    =        180.18 kN. 
           -. Muz    =       -258.30 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.76 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.66 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       73.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      877.36 kN. 
           -. phiVcz    = phi * Vcz =      789.62 kN. 
 
           -. Vuy       =      180.18 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      833.85 kN. 
           -. phiVcy    = phi * Vcy =      750.47 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      606.92 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4086.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      606.92 kN. 
           -. phiVsz   = phi*Vsz =      546.23 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      597.24 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4130.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      597.24 kN. 
           -. phiVsy   = phi*Vsy =      537.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     194.448 kN. 
           -. Vr       =    1287.984 kN. 
           -. Ratio    = Vu / Vr = 0.151  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      216.05 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      216.05 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
4.5803e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
3.9224e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-3.9224e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121010,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -347.54      1289.42      1261.42       332.84       334.46 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -347.54      1289.42      1261.42       332.84       334.46 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -699.739 kN. 
           -. Mry        =      2596.624 kN-m. 
           -. Mrz        =       686.819 kN-m. 
           -. Mr         =      2685.922 kN-m. 
           -. Pu/Pr      =   0.497  --->  O.K ! 
           -. Muy/Mry    =   0.497  --->  O.K ! 
           -. Muz/Mrz    =   0.485  --->  O.K ! 
           -. Mu/Mr      =   0.497  --->  O.K ! 
           -. Ratio      =   0.497  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2256.40 kN. 
           -. Vuz    =         79.46 kN. 
           -. Muy    =       -787.26 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.32 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.80 
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========================================================================================== 
 
 
           -. Vuy    =        158.23 kN. 
           -. Muz    =       -305.85 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.74 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       79.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      879.87 kN. 
           -. phiVcz    = phi * Vcz =      791.89 kN. 
 
           -. Vuy       =      158.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      836.41 kN. 
           -. phiVcy    = phi * Vcy =      752.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      607.46 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4084.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      607.46 kN. 
           -. phiVsz   = phi*Vsz =      546.72 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      597.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4127.82 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      597.83 kN. 
           -. phiVsy   = phi*Vsy =      538.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     177.064 kN. 
           -. Vr       =    1290.816 kN. 
           -. Ratio    = Vu / Vr = 0.137  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3494 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      196.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      196.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121011,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -339.31      1261.42      1215.06       334.46       334.33 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -339.31      1261.42      1215.06       334.46       334.33 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -696.640 kN. 
           -. Mry        =      2592.321 kN-m. 
           -. Mrz        =       703.268 kN-m. 
           -. Mr         =      2686.022 kN-m. 
           -. Pu/Pr      =   0.487  --->  O.K ! 
           -. Muy/Mry    =   0.487  --->  O.K ! 
           -. Muz/Mrz    =   0.476  --->  O.K ! 
           -. Mu/Mr      =   0.487  --->  O.K ! 
           -. Ratio      =   0.487  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2256.60 kN. 
           -. Vuz    =         89.38 kN. 
           -. Muy    =       -787.26 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.30 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
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           -. Vuy    =        137.55 kN. 
           -. Muz    =       -305.85 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       89.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      881.78 kN. 
           -. phiVcz    = phi * Vcz =      793.61 kN. 
 
           -. Vuy       =      137.55 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      838.35 kN. 
           -. phiVcy    = phi * Vcy =      754.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      607.87 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4082.44 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      607.87 kN. 
           -. phiVsz   = phi*Vsz =      547.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      598.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4125.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      598.28 kN. 
           -. phiVsy   = phi*Vsy =      538.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     164.041 kN. 
           -. Vr       =    1292.967 kN. 
           -. Ratio    = Vu / Vr = 0.127  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      182.27 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      182.27 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121012,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -331.08      1215.06      1140.53       334.33       327.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -331.08      1215.06      1140.53       334.33       327.94 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -703.059 kN. 
           -. Mry        =      2583.998 kN-m. 
           -. Mrz        =       725.852 kN-m. 
           -. Mr         =      2684.010 kN-m. 
           -. Pu/Pr      =   0.471  --->  O.K ! 
           -. Muy/Mry    =   0.470  --->  O.K ! 
           -. Muz/Mrz    =   0.461  --->  O.K ! 
           -. Mu/Mr      =   0.471  --->  O.K ! 
           -. Ratio      =   0.471  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1758.56 kN. 
           -. Vuz    =        158.92 kN. 
           -. Muy    =      -1195.13 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.67 
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           -. Vuy    =         75.99 kN. 
           -. Muz    =       -328.57 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.19 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.53 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      158.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      837.90 kN. 
           -. phiVcz    = phi * Vcz =      754.11 kN. 
 
           -. Vuy       =       75.99 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      793.88 kN. 
           -. phiVcy    = phi * Vcy =      714.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      598.18 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4126.33 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      598.18 kN. 
           -. phiVsz   = phi*Vsz =      538.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      587.63 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4170.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      587.63 kN. 
           -. phiVsy   = phi*Vsy =      528.87 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     176.154 kN. 
           -. Vr       =    1243.359 kN. 
           -. Ratio    = Vu / Vr = 0.142  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      195.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      195.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0022 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0022 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0022 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121013,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -322.84      1140.53      1044.96       327.94       315.21 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -322.84      1140.53      1044.96       327.94       315.21 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -730.104 kN. 
           -. Mry        =      2569.876 kN-m. 
           -. Mrz        =       752.198 kN-m. 
           -. Mr         =      2677.697 kN-m. 
           -. Pu/Pr      =   0.442  --->  O.K ! 
           -. Muy/Mry    =   0.444  --->  O.K ! 
           -. Muz/Mrz    =   0.436  --->  O.K ! 
           -. Mu/Mr      =   0.444  --->  O.K ! 
           -. Ratio      =   0.444  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1770.22 kN. 
           -. Vuz    =        195.89 kN. 
           -. Muy    =      -1119.15 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.70 
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           -. Vuy    =         66.17 kN. 
           -. Muz    =       -321.37 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.56 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      195.89 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      847.08 kN. 
           -. phiVcz    = phi * Vcz =      762.37 kN. 
 
           -. Vuy       =       66.17 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      803.16 kN. 
           -. phiVcy    = phi * Vcy =      722.84 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      600.27 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4117.14 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      600.27 kN. 
           -. phiVsz   = phi*Vsz =      540.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      589.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4161.07 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      589.93 kN. 
           -. phiVsy   = phi*Vsy =      530.93 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     206.765 kN. 
           -. Vr       =    1253.778 kN. 
           -. Ratio    = Vu / Vr = 0.165  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      229.74 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      229.74 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0019 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121014,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -314.60      1044.96       935.34       315.21       297.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -314.60      1044.96       935.34       315.21       297.03 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -767.975 kN. 
           -. Mry        =      2552.212 kN-m. 
           -. Mrz        =       781.489 kN-m. 
           -. Mr         =      2669.178 kN-m. 
           -. Pu/Pr      =   0.410  --->  O.K ! 
           -. Muy/Mry    =   0.409  --->  O.K ! 
           -. Muz/Mrz    =   0.403  --->  O.K ! 
           -. Mu/Mr      =   0.410  --->  O.K ! 
           -. Ratio      =   0.410  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1781.87 kN. 
           -. Vuz    =        220.73 kN. 
           -. Muy    =      -1023.16 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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           -. Vuy    =         58.07 kN. 
           -. Muz    =       -308.18 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      220.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      861.80 kN. 
           -. phiVcz    = phi * Vcz =      775.62 kN. 
 
           -. Vuy       =       58.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      818.07 kN. 
           -. phiVcy    = phi * Vcy =      736.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      603.55 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4102.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      603.55 kN. 
           -. phiVsz   = phi*Vsz =      543.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      593.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4146.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      593.53 kN. 
           -. phiVsy   = phi*Vsy =      534.18 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     228.240 kN. 
           -. Vr       =    1270.438 kN. 
           -. Ratio    = Vu / Vr = 0.180  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3510 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      253.60 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      253.60 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0016 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0016 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0016 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121015,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -306.35       935.34       818.07       297.03       274.59 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -306.35       935.34       818.07       297.03       274.59 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -827.590 kN. 
           -. Mry        =      2528.771 kN-m. 
           -. Mrz        =       812.952 kN-m. 
           -. Mr         =      2656.233 kN-m. 
           -. Pu/Pr      =   0.370  --->  O.K ! 
           -. Muy/Mry    =   0.370  --->  O.K ! 
           -. Muz/Mrz    =   0.365  --->  O.K ! 
           -. Mu/Mr      =   0.370  --->  O.K ! 
           -. Ratio      =   0.370  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1793.52 kN. 
           -. Vuz    =        233.84 kN. 
           -. Muy    =       -913.96 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.31 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.81 
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           -. Vuy    =         54.12 kN. 
           -. Muz    =       -289.83 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.72 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.67 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      233.84 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      881.33 kN. 
           -. phiVcz    = phi * Vcz =      793.19 kN. 
 
           -. Vuy       =       54.12 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      837.89 kN. 
           -. phiVcy    = phi * Vcy =      754.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      607.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4082.90 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      607.77 kN. 
           -. phiVsz   = phi*Vsz =      546.99 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      598.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4126.34 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      598.17 kN. 
           -. phiVsy   = phi*Vsy =      538.35 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     240.022 kN. 
           -. Vr       =    1292.451 kN. 
           -. Ratio    = Vu / Vr = 0.186  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      266.69 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      266.69 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121016,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -298.10       818.07       698.92       274.59       249.23 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -298.10       818.07       698.92       274.59       249.23 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =      -908.305 kN. 
           -. Mry        =      2499.929 kN-m. 
           -. Mrz        =       840.213 kN-m. 
           -. Mr         =      2637.347 kN-m. 
           -. Pu/Pr      =   0.328  --->  O.K ! 
           -. Muy/Mry    =   0.327  --->  O.K ! 
           -. Muz/Mrz    =   0.327  --->  O.K ! 
           -. Mu/Mr      =   0.328  --->  O.K ! 
           -. Ratio      =   0.328  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1805.16 kN. 
           -. Vuz    =        236.17 kN. 
           -. Muy    =       -797.79 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.88 
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           -. Vuy    =         55.46 kN. 
           -. Muz    =       -267.48 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.75 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      236.17 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      904.84 kN. 
           -. phiVcz    = phi * Vcz =      814.35 kN. 
 
           -. Vuy       =       55.46 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      861.84 kN. 
           -. phiVcy    = phi * Vcy =      775.65 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      612.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4059.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      612.66 kN. 
           -. phiVsz   = phi*Vsz =      551.40 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      603.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4102.39 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      603.56 kN. 
           -. phiVsy   = phi*Vsy =      543.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     242.595 kN. 
           -. Vr       =    1318.853 kN. 
           -. Ratio    = Vu / Vr = 0.184  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      269.55 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      269.55 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0007 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121017,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -289.85       698.92       582.89       249.23       222.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -289.85       698.92       582.89       249.23       222.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1013.323 kN. 
           -. Mry        =      2463.201 kN-m. 
           -. Mrz        =       878.493 kN-m. 
           -. Mr         =      2615.169 kN-m. 
           -. Pu/Pr      =   0.286  --->  O.K ! 
           -. Muy/Mry    =   0.284  --->  O.K ! 
           -. Muz/Mrz    =   0.284  --->  O.K ! 
           -. Mu/Mr      =   0.286  --->  O.K ! 
           -. Ratio      =   0.286  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1816.80 kN. 
           -. Vuz    =        229.04 kN. 
           -. Muy    =       -680.22 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.88 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.97 
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           -. Vuy    =         56.64 kN. 
           -. Muz    =       -242.41 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.83 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      229.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      931.60 kN. 
           -. phiVcz    = phi * Vcz =      838.44 kN. 
 
           -. Vuy       =       56.64 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      889.21 kN. 
           -. phiVcy    = phi * Vcy =      800.29 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      618.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4032.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      618.00 kN. 
           -. phiVsz   = phi*Vsz =      556.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      609.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4075.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      609.43 kN. 
           -. phiVsy   = phi*Vsy =      548.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     235.936 kN. 
           -. Vr       =    1348.781 kN. 
           -. Ratio    = Vu / Vr = 0.175  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      262.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      262.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121018,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -791.91       380.65       311.70       350.48       319.08 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -791.91       380.65       311.70       350.48       319.08 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3215.739 kN. 
           -. Mry        =      1566.459 kN-m. 
           -. Mrz        =      1431.055 kN-m. 
           -. Mr         =      2121.724 kN-m. 
           -. Pu/Pr      =   0.246  --->  O.K ! 
           -. Muy/Mry    =   0.243  --->  O.K ! 
           -. Muz/Mrz    =   0.245  --->  O.K ! 
           -. Mu/Mr      =   0.246  --->  O.K ! 
           -. Ratio      =   0.246  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1828.44 kN. 
           -. Vuz    =        214.00 kN. 
           -. Muy    =       -566.10 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.65 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.06 
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           -. Vuy    =         56.29 kN. 
           -. Muz    =       -215.89 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.98 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.93 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      214.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      960.66 kN. 
           -. phiVcz    = phi * Vcz =      864.59 kN. 
 
           -. Vuy       =       56.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      919.06 kN. 
           -. phiVcy    = phi * Vcy =      827.16 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      623.52 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4003.57 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      623.52 kN. 
           -. phiVsz   = phi*Vsz =      561.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      615.53 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4045.16 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      615.53 kN. 
           -. phiVsy   = phi*Vsy =      553.98 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     221.280 kN. 
           -. Vr       =    1381.132 kN. 
           -. Ratio    = Vu / Vr = 0.160  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      245.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      245.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121019,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -783.72       311.70       249.23       319.08       284.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -783.72       311.70       249.23       319.08       284.96 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3552.733 kN. 
           -. Mry        =      1431.960 kN-m. 
           -. Mrz        =      1447.227 kN-m. 
           -. Mr         =      2035.921 kN-m. 
           -. Pu/Pr      =   0.221  --->  O.K ! 
           -. Muy/Mry    =   0.218  --->  O.K ! 
           -. Muz/Mrz    =   0.220  --->  O.K ! 
           -. Mu/Mr      =   0.221  --->  O.K ! 
           -. Ratio      =   0.221  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1840.07 kN. 
           -. Vuz    =        192.76 kN. 
           -. Muy    =       -459.43 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.16 
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           -. Vuy    =         54.29 kN. 
           -. Muz    =       -189.11 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.73 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.03 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      192.76 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      990.91 kN. 
           -. phiVcz    = phi * Vcz =      891.81 kN. 
 
           -. Vuy       =       54.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      950.28 kN. 
           -. phiVcy    = phi * Vcy =      855.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      629.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3973.32 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      629.00 kN. 
           -. phiVsz   = phi*Vsz =      566.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      621.58 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4013.95 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      621.58 kN. 
           -. phiVsy   = phi*Vsy =      559.42 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     200.254 kN. 
           -. Vr       =    1414.673 kN. 
           -. Ratio    = Vu / Vr = 0.142  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      222.50 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      222.50 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0007 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0007 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0007 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121020,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -775.52       249.23       194.78       284.96       250.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -775.52       249.23       194.78       284.96       250.03 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3532 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3958.059 kN. 
           -. Mry        =      1274.320 kN-m. 
           -. Mrz        =      1454.116 kN-m. 
           -. Mr         =      1933.480 kN-m. 
           -. Pu/Pr      =   0.196  --->  O.K ! 
           -. Muy/Mry    =   0.196  --->  O.K ! 
           -. Muz/Mrz    =   0.196  --->  O.K ! 
           -. Mu/Mr      =   0.196  --->  O.K ! 
           -. Ratio      =   0.196  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1851.70 kN. 
           -. Vuz    =        166.96 kN. 
           -. Muy    =       -363.35 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.22 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.25 
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           -. Vuy    =         50.69 kN. 
           -. Muz    =       -163.10 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.49 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.13 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      166.96 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1021.16 kN. 
           -. phiVcz    = phi * Vcz =      919.05 kN. 
 
           -. Vuy       =       50.69 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      981.66 kN. 
           -. phiVcy    = phi * Vcy =      883.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      634.21 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3943.06 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      634.21 kN. 
           -. phiVsz   = phi*Vsz =      570.79 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      627.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3982.57 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      627.35 kN. 
           -. phiVsy   = phi*Vsy =      564.62 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     174.486 kN. 
           -. Vr       =    1448.111 kN. 
           -. Ratio    = Vu / Vr = 0.120  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      193.87 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      193.87 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0011 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121021,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -767.32       194.78       149.41       250.03       215.96 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -767.32       194.78       149.41       250.03       215.96 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4365.671 kN. 
           -. Mry        =      1124.513 kN-m. 
           -. Mrz        =      1429.593 kN-m. 
           -. Mr         =      1818.864 kN-m. 
           -. Pu/Pr      =   0.176  --->  O.K ! 
           -. Muy/Mry    =   0.173  --->  O.K ! 
           -. Muz/Mrz    =   0.175  --->  O.K ! 
           -. Mu/Mr      =   0.176  --->  O.K ! 
           -. Ratio      =   0.176  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1863.33 kN. 
           -. Vuz    =        138.10 kN. 
           -. Muy    =       -280.12 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.02 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.35 
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           -. Vuy    =         45.74 kN. 
           -. Muz    =       -138.70 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.28 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.23 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      138.10 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1050.24 kN. 
           -. phiVcz    = phi * Vcz =      945.22 kN. 
 
           -. Vuy       =       45.74 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1011.96 kN. 
           -. phiVcy    = phi * Vcy =      910.77 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      639.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3913.99 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      639.00 kN. 
           -. phiVsz   = phi*Vsz =      575.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      632.65 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3952.27 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      632.65 kN. 
           -. phiVsy   = phi*Vsy =      569.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     145.479 kN. 
           -. Vr       =    1480.153 kN. 
           -. Ratio    = Vu / Vr = 0.098  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      161.64 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      161.64 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121022,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -759.10       149.41       112.21       215.96       183.79 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -759.10       149.41       112.21       215.96       183.79 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4866.096 kN. 
           -. Mry        =       961.612 kN-m. 
           -. Mrz        =      1373.353 kN-m. 
           -. Mr         =      1676.543 kN-m. 
           -. Pu/Pr      =   0.156  --->  O.K ! 
           -. Muy/Mry    =   0.155  --->  O.K ! 
           -. Muz/Mrz    =   0.157  --->  O.K ! 
           -. Mu/Mr      =   0.157  --->  O.K ! 
           -. Ratio      =   0.157  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1874.95 kN. 
           -. Vuz    =        112.49 kN. 
           -. Muy    =       -211.30 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
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           -. Vuy    =         40.70 kN. 
           -. Muz    =       -116.61 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.10 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.31 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      112.49 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1075.87 kN. 
           -. phiVcz    = phi * Vcz =      968.29 kN. 
 
           -. Vuy       =       40.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1038.79 kN. 
           -. phiVcy    = phi * Vcy =      934.91 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      643.04 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3888.35 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      643.04 kN. 
           -. phiVsz   = phi*Vsz =      578.74 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      637.14 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3925.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      637.14 kN. 
           -. phiVsy   = phi*Vsy =      573.43 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     119.621 kN. 
           -. Vr       =    1508.337 kN. 
           -. Ratio    = Vu / Vr = 0.079  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      132.91 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      132.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121023,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2397.20      -105.13       -76.07      -180.38      -151.02 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2397.20      -105.13       -76.07      -180.38      -151.02 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       76.07 kN-m. 
           -. End Moments (My2) =      105.13 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =     -105.13 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =     -105.13 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      151.02 kN-m. 
           -. End Moments (Mz2) =      180.38 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -180.38 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -180.38 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     16360.130 kN. 
           -. Mry        =       723.734 kN-m. 
           -. Mrz        =      1241.321 kN-m. 
           -. Mr         =      1436.895 kN-m. 
           -. Pu/Pr      =   0.147  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.147  --->  O.K ! 
           -. Ratio      =   0.147  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1886.56 kN. 
           -. Vuz    =         91.88 kN. 
           -. Muy    =       -155.27 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.74 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.50 
 
           -. Vuy    =         36.20 kN. 
           -. Muz    =        -96.92 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.95 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       91.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1097.49 kN. 
           -. phiVcz    = phi * Vcz =      987.74 kN. 
 
           -. Vuy       =       36.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1061.50 kN. 
           -. phiVcy    = phi * Vcy =      955.35 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3866.73 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.33 kN. 
           -. phiVsz   = phi*Vsz =      581.70 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      640.79 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3902.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      640.79 kN. 
           -. phiVsy   = phi*Vsy =      576.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      98.758 kN. 
           -. Vr       =    1532.068 kN. 
           -. Ratio    = Vu / Vr = 0.064  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      109.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      109.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0021 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0021 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0021 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121024,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2408.86       -76.07       -53.21      -151.02      -124.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2408.86       -76.07       -53.21      -151.02      -124.34 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       53.21 kN-m. 
           -. End Moments (My2) =       76.07 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -76.07 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -76.07 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      124.34 kN-m. 
           -. End Moments (Mz2) =      151.02 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -151.02 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -151.02 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       535.183 kN-m. 
           -. Mrz        =      1069.892 kN-m. 
           -. Mr         =      1196.282 kN-m. 
           -. Pu/Pr      =   0.140  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.141  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       1898.17 kN. 
           -. Vuz    =         72.21 kN. 
           -. Muy    =       -109.56 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.63 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.56 
 
           -. Vuy    =         31.54 kN. 
           -. Muz    =        -79.42 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.83 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.45 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       72.21 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1116.28 kN. 
           -. phiVcz    = phi * Vcz =     1004.65 kN. 
 
           -. Vuy       =       31.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1081.30 kN. 
           -. phiVcy    = phi * Vcy =      973.17 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      649.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3847.95 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      649.11 kN. 
           -. phiVsz   = phi*Vsz =      584.20 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      643.88 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3882.92 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      643.88 kN. 
           -. phiVsy   = phi*Vsy =      579.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      78.801 kN. 
           -. Vr       =    1552.665 kN. 
           -. Ratio    = Vu / Vr = 0.051  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       87.56 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       87.56 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0024 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0024 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0024 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121025,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2432.08       -53.21       -36.11      -124.34      -100.62 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2432.08       -53.21       -36.11      -124.34      -100.62 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       36.11 kN-m. 
           -. End Moments (My2) =       53.21 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -36.11 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -36.11 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      100.62 kN-m. 
           -. End Moments (Mz2) =      124.34 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -100.62 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -100.62 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       254.822 kN-m. 
           -. Mrz        =       710.169 kN-m. 
           -. Mr         =       754.503 kN-m. 
           -. Pu/Pr      =   0.142  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.142  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2420.51 kN. 
           -. Vuz    =         35.58 kN. 
           -. Muy    =        -53.21 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.95 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.38 
 
           -. Vuy    =         47.75 kN. 
           -. Muz    =       -124.34 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.20 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.26 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       35.58 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1061.64 kN. 
           -. phiVcz    = phi * Vcz =      955.48 kN. 
 
           -. Vuy       =       47.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1023.88 kN. 
           -. phiVcy    = phi * Vcy =      921.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      640.82 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3902.59 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      640.82 kN. 
           -. phiVsz   = phi*Vsz =      576.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      634.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3940.35 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      634.67 kN. 
           -. phiVsy   = phi*Vsy =      571.20 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      59.546 kN. 
           -. Vr       =    1492.695 kN. 
           -. Ratio    = Vu / Vr = 0.040  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       66.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       66.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121026,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2443.72       -36.11       -23.33      -100.62       -79.43 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2443.72       -36.11       -23.33      -100.62       -79.43 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       23.33 kN-m. 
           -. End Moments (My2) =       36.11 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -23.33 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -23.33 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       79.43 kN-m. 
           -. End Moments (Mz2) =      100.62 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -79.43 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -79.43 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       163.764 kN-m. 
           -. Mrz        =       557.944 kN-m. 
           -. Mr         =       581.481 kN-m. 
           -. Pu/Pr      =   0.142  --->  O.K ! 
           -. Muy/Mry    =   0.142  --->  O.K ! 
           -. Muz/Mrz    =   0.142  --->  O.K ! 
           -. Mu/Mr      =   0.142  --->  O.K ! 
           -. Ratio      =   0.142  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2432.15 kN. 
           -. Vuz    =         27.12 kN. 
           -. Muy    =        -36.11 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =         42.65 kN. 
           -. Muz    =       -100.62 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.29 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       27.12 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1070.86 kN. 
           -. phiVcz    = phi * Vcz =      963.78 kN. 
 
           -. Vuy       =       42.65 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1033.54 kN. 
           -. phiVcy    = phi * Vcy =      930.19 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      642.26 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3893.36 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      642.26 kN. 
           -. phiVsz   = phi*Vsz =      578.04 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      636.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3930.69 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      636.28 kN. 
           -. phiVsy   = phi*Vsy =      572.65 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      50.544 kN. 
           -. Vr       =    1502.833 kN. 
           -. Ratio    = Vu / Vr = 0.034  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       56.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       56.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121027,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2455.35       -23.33       -13.75       -79.43       -60.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2455.35       -23.33       -13.75       -79.43       -60.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.75 kN-m. 
           -. End Moments (My2) =       23.33 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.75 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.75 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       60.19 kN-m. 
           -. End Moments (Mz2) =       79.43 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -60.19 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -60.19 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        96.015 kN-m. 
           -. Mrz        =       420.779 kN-m. 
           -. Mr         =       431.594 kN-m. 
           -. Pu/Pr      =   0.143  --->  O.K ! 
           -. Muy/Mry    =   0.143  --->  O.K ! 
           -. Muz/Mrz    =   0.143  --->  O.K ! 
           -. Mu/Mr      =   0.143  --->  O.K ! 
           -. Ratio      =   0.143  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2443.79 kN. 
           -. Vuz    =         21.43 kN. 
           -. Muy    =        -23.33 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.85 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.44 
 
           -. Vuy    =         38.75 kN. 
           -. Muz    =        -79.43 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.08 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.32 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       21.43 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1078.34 kN. 
           -. phiVcz    = phi * Vcz =      970.50 kN. 
 
           -. Vuy       =       38.75 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1041.38 kN. 
           -. phiVcy    = phi * Vcy =      937.24 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      643.42 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3885.89 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      643.42 kN. 
           -. phiVsz   = phi*Vsz =      579.08 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      637.56 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3922.85 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      637.56 kN. 
           -. phiVsy   = phi*Vsy =      573.81 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      44.281 kN. 
           -. Vr       =    1511.043 kN. 
           -. Ratio    = Vu / Vr = 0.029  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       49.20 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       49.20 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0035 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0035 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0035 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121028,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2466.98       -13.75        -8.57       -60.19       -42.81 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2466.98       -13.75        -8.57       -60.19       -42.81 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.57 kN-m. 
           -. End Moments (My2) =       13.75 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       42.81 kN-m. 
           -. End Moments (Mz2) =       60.19 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.81 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.81 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        59.145 kN-m. 
           -. Mrz        =       297.942 kN-m. 
           -. Mr         =       303.756 kN-m. 
           -. Pu/Pr      =   0.144  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.144  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2455.41 kN. 
           -. Vuz    =         16.72 kN. 
           -. Muy    =        -13.75 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.46 
 
           -. Vuy    =         35.07 kN. 
           -. Muz    =        -60.19 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.04 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.34 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       16.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1084.77 kN. 
           -. phiVcz    = phi * Vcz =      976.30 kN. 
 
           -. Vuy       =       35.07 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1048.13 kN. 
           -. phiVcy    = phi * Vcy =      943.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      644.41 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3879.45 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      644.41 kN. 
           -. phiVsz   = phi*Vsz =      579.97 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      638.66 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3916.10 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      638.66 kN. 
           -. phiVsy   = phi*Vsy =      574.79 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      38.846 kN. 
           -. Vr       =    1518.109 kN. 
           -. Ratio    = Vu / Vr = 0.026  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       43.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       43.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121029,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2467.03        -8.57        -9.15       -42.81       -27.18 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2467.03        -8.57        -9.15       -42.81       -27.18 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.57 kN-m. 
           -. End Moments (My2) =        9.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.57 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.57 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.18 kN-m. 
           -. End Moments (Mz2) =       42.81 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -42.81 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -42.81 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        59.144 kN-m. 
           -. Mrz        =       297.936 kN-m. 
           -. Mr         =       303.749 kN-m. 
           -. Pu/Pr      =   0.144  --->  O.K ! 
           -. Muy/Mry    =   0.145  --->  O.K ! 
           -. Muz/Mrz    =   0.144  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2467.03 kN. 
           -. Vuz    =         13.00 kN. 
           -. Muy    =         -8.57 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.78 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.47 
 
           -. Vuy    =         31.70 kN. 
           -. Muz    =        -42.81 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.00 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.36 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.00 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1090.16 kN. 
           -. phiVcz    = phi * Vcz =      981.14 kN. 
 
           -. Vuy       =       31.70 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1053.79 kN. 
           -. phiVcy    = phi * Vcy =      948.41 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      645.23 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3874.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      645.23 kN. 
           -. phiVsz   = phi*Vsz =      580.71 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      639.57 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3910.44 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      639.57 kN. 
           -. phiVsy   = phi*Vsy =      575.61 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      34.260 kN. 
           -. Vr       =    1524.021 kN. 
           -. Ratio    = Vu / Vr = 0.022  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       38.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       38.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121030,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2490.21        -9.15        -8.97       -27.18       -15.82 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2490.21        -9.15        -8.97       -27.18       -15.82 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.97 kN-m. 
           -. End Moments (My2) =        9.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.97 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.97 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       15.82 kN-m. 
           -. End Moments (Mz2) =       27.18 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -15.82 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -15.82 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        62.096 kN-m. 
           -. Mrz        =       108.931 kN-m. 
           -. Mr         =       125.387 kN-m. 
           -. Pu/Pr      =   0.145  --->  O.K ! 
           -. Muy/Mry    =   0.144  --->  O.K ! 
           -. Muz/Mrz    =   0.145  --->  O.K ! 
           -. Mu/Mr      =   0.145  --->  O.K ! 
           -. Ratio      =   0.145  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2478.64 kN. 
           -. Vuz    =          5.47 kN. 
           -. Muy    =         -9.15 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.75 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.49 
 
           -. Vuy    =         23.02 kN. 
           -. Muz    =        -27.18 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.38 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1095.99 kN. 
           -. phiVcz    = phi * Vcz =      986.39 kN. 
 
           -. Vuy       =       23.02 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1059.92 kN. 
           -. phiVcy    = phi * Vcy =      953.93 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.11 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3868.24 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.11 kN. 
           -. phiVsz   = phi*Vsz =      581.50 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      640.54 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3904.31 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      640.54 kN. 
           -. phiVsy   = phi*Vsy =      576.49 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      23.662 kN. 
           -. Vr       =    1530.418 kN. 
           -. Ratio    = Vu / Vr = 0.015  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       26.29 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       26.29 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121031,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2501.81        -8.97        -7.08       -15.82        -8.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2501.81        -8.97        -7.08       -15.82        -8.04 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.08 kN-m. 
           -. End Moments (My2) =        8.97 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.08 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.08 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.04 kN-m. 
           -. End Moments (Mz2) =       15.82 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.04 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.04 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        48.566 kN-m. 
           -. Mrz        =        55.177 kN-m. 
           -. Mr         =        73.506 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.146  --->  O.K ! 
           -. Muz/Mrz    =   0.146  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2490.24 kN. 
           -. Vuz    =          4.41 kN. 
           -. Muy    =         -8.97 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =         15.71 kN. 
           -. Muz    =        -15.82 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.39 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1099.69 kN. 
           -. phiVcz    = phi * Vcz =      989.72 kN. 
 
           -. Vuy       =       15.71 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1063.82 kN. 
           -. phiVcy    = phi * Vcy =      957.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3864.54 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.66 kN. 
           -. phiVsz   = phi*Vsz =      582.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      641.16 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3900.41 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      641.16 kN. 
           -. phiVsy   = phi*Vsy =      577.04 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      16.319 kN. 
           -. Vr       =    1534.479 kN. 
           -. Ratio    = Vu / Vr = 0.011  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.13 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.13 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3579 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121032,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2513.40        -7.08        -4.17        -8.04        -3.19 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2513.40        -7.08        -4.17        -8.04        -3.19 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.17 kN-m. 
           -. End Moments (My2) =        7.08 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3580 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.17 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.17 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.19 kN-m. 
           -. End Moments (Mz2) =        8.04 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.19 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.19 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        28.463 kN-m. 
           -. Mrz        =        21.792 kN-m. 
           -. Mr         =        35.847 kN-m. 
           -. Pu/Pr      =   0.146  --->  O.K ! 
           -. Muy/Mry    =   0.146  --->  O.K ! 
           -. Muz/Mrz    =   0.146  --->  O.K ! 
           -. Mu/Mr      =   0.146  --->  O.K ! 
           -. Ratio      =   0.146  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2513.40 kN. 
           -. Vuz    =          5.92 kN. 
           -. Muy    =         -4.17 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.71 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =          9.76 kN. 
           -. Muz    =         -3.19 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.40 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.92 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1101.35 kN. 
           -. phiVcz    = phi * Vcz =      991.21 kN. 
 
           -. Vuy       =        9.76 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1065.56 kN. 
           -. phiVcy    = phi * Vcy =      959.01 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.91 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3862.88 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.91 kN. 
           -. phiVsz   = phi*Vsz =      582.22 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      641.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3898.66 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      641.43 kN. 
           -. phiVsy   = phi*Vsy =      577.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      11.411 kN. 
           -. Vr       =    1536.298 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       12.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       12.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121033,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2524.98        -4.17        -1.38        -3.19        -0.68 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2524.98        -4.17        -1.38        -3.19        -0.68 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.38 kN-m. 
           -. End Moments (My2) =        4.17 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.38 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.38 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.68 kN-m. 
           -. End Moments (Mz2) =        3.19 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.68 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.68 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         9.383 kN-m. 
           -. Mrz        =         4.641 kN-m. 
           -. Mr         =        10.468 kN-m. 
           -. Pu/Pr      =   0.147  --->  O.K ! 
           -. Muy/Mry    =   0.147  --->  O.K ! 
           -. Muz/Mrz    =   0.147  --->  O.K ! 
           -. Mu/Mr      =   0.147  --->  O.K ! 
           -. Ratio      =   0.147  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2014.06 kN. 
           -. Vuz    =          8.70 kN. 
           -. Muy    =         -2.16 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.71 
 
           -. Vuy    =          3.21 kN. 
           -. Muz    =         -0.57 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.55 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        8.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1163.38 kN. 
           -. phiVcz    = phi * Vcz =     1047.04 kN. 
 
           -. Vuy       =        3.21 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1131.22 kN. 
           -. phiVcy    = phi * Vcy =     1018.10 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      655.75 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3800.84 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      655.75 kN. 
           -. phiVsz   = phi*Vsz =      590.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      651.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3833.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      651.26 kN. 
           -. phiVsy   = phi*Vsy =      586.14 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       9.273 kN. 
           -. Vr       =    1604.233 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =121034,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2536.56        -1.38         0.00        -0.68         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2536.56        -1.38         0.00        -0.68         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        1.38 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.68 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.148  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.148  --->  O.K ! 
           -. Ratio      =   0.148  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2025.63 kN. 
           -. Vuz    =          4.33 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.37 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.71 
 
           -. Vuy    =          1.15 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.54 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.61 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.33 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1164.37 kN. 
           -. phiVcz    = phi * Vcz =     1047.93 kN. 
 
           -. Vuy       =        1.15 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1132.26 kN. 
           -. phiVcy    = phi * Vcy =     1019.04 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      655.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3799.86 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      655.88 kN. 
           -. phiVsz   = phi*Vsz =      590.29 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      651.41 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3831.96 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      651.41 kN. 
           -. phiVsy   = phi*Vsy =      586.27 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       4.477 kN. 
           -. Vr       =    1605.309 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        4.97 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        4.97 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0033 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0033 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0033 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131002,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others          -1044.32       432.36       510.39       955.56       797.24 
           ------------------------------------------------------------------------------- 
            DL+LL+Others    -1044.32       432.36       510.39       955.56       797.24 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2318.416 kN. 
           -. Mry        =       955.254 kN-m. 
           -. Mrz        =      2133.153 kN-m. 
           -. Mr         =      2337.274 kN-m. 
           -. Pu/Pr      =   0.450  --->  O.K ! 
           -. Muy/Mry    =   0.453  --->  O.K ! 
           -. Muz/Mrz    =   0.448  --->  O.K ! 
           -. Mu/Mr      =   0.453  --->  O.K ! 
           -. Ratio      =   0.453  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2174.53 kN. 
           -. Vuz    =        507.86 kN. 
           -. Muy    =       -710.43 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =        184.73 kN. 
           -. Muz    =       -568.77 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      507.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      822.82 kN. 
           -. phiVcz    = phi * Vcz =      740.54 kN. 
 
           -. Vuy       =      184.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      778.67 kN. 
           -. phiVcy    = phi * Vcy =      700.80 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      594.66 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4141.41 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      594.66 kN. 
           -. phiVsz   = phi*Vsz =      535.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      583.78 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4185.56 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      583.78 kN. 
           -. phiVsy   = phi*Vsy =      525.40 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     540.414 kN. 
           -. Vr       =    1226.199 kN. 
           -. Ratio    = Vu / Vr = 0.441  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      583.78 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      594.66 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0010 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131003,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -921.97       676.21       861.22       554.85       504.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -921.97       676.21       861.22       554.85       504.50 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2183.148 kN. 
           -. Mry        =      2041.246 kN-m. 
           -. Mrz        =      1195.179 kN-m. 
           -. Mr         =      2365.405 kN-m. 
           -. Pu/Pr      =   0.422  --->  O.K ! 
           -. Muy/Mry    =   0.422  --->  O.K ! 
           -. Muz/Mrz    =   0.422  --->  O.K ! 
           -. Mu/Mr      =   0.422  --->  O.K ! 
           -. Ratio      =   0.422  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2186.27 kN. 
           -. Vuz    =        424.63 kN. 
           -. Muy    =       -885.76 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.59 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        170.01 kN. 
           -. Muz    =       -515.23 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.48 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.45 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      424.63 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      812.36 kN. 
           -. phiVcz    = phi * Vcz =      731.12 kN. 
 
           -. Vuy       =      170.01 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      768.14 kN. 
           -. phiVcy    = phi * Vcy =      691.32 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      592.16 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4151.87 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      592.16 kN. 
           -. phiVsz   = phi*Vsz =      532.95 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      581.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4196.09 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      581.04 kN. 
           -. phiVsy   = phi*Vsy =      522.94 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     457.399 kN. 
           -. Vr       =    1214.259 kN. 
           -. Ratio    = Vu / Vr = 0.377  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      508.22 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      508.22 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0012 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0012 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0012 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131004,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -913.82       861.22      1013.27       504.50       457.36 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -913.82       861.22      1013.27       504.50       457.36 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1976.451 kN. 
           -. Mry        =      2198.069 kN-m. 
           -. Mrz        =      1009.625 kN-m. 
           -. Mr         =      2418.854 kN-m. 
           -. Pu/Pr      =   0.462  --->  O.K ! 
           -. Muy/Mry    =   0.461  --->  O.K ! 
           -. Muz/Mrz    =   0.453  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2198.00 kN. 
           -. Vuz    =        344.24 kN. 
           -. Muy    =      -1029.07 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.08 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =        155.86 kN. 
           -. Muz    =       -465.13 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.59 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      344.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      803.45 kN. 
           -. phiVcz    = phi * Vcz =      723.10 kN. 
 
           -. Vuy       =      155.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      759.18 kN. 
           -. phiVcy    = phi * Vcy =      683.26 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. phiVcz/2 < Vuz < phiVcz  --->  Required minimum shear reinforcement. 
           -.                 smax_z  = MIN[ smax_z, Av/(0.0316*SQRT(fc')*bvz/fys) ] =    0.245 m. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. phiVcy/2 < Vuy < phiVcy  --->  Required minimum shear reinforcement. 
           -.                 smax_y  = MIN[ smax_y, Av/(0.0316*SQRT(fc')*bvy/fys) ] =    0.245 m. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      590.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4160.78 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      590.00 kN. 
           -. phiVsz   = phi*Vsz =      531.00 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      578.67 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4205.05 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      578.67 kN. 
           -. phiVsy   = phi*Vsy =      520.80 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     377.878 kN. 
           -. Vr       =    1204.062 kN. 
           -. Ratio    = Vu / Vr = 0.314  --->  O.K ! 
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========================================================================================== 
 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      419.86 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      419.86 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0014 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131005,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -905.65      1013.27      1131.19       457.36       413.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -905.65      1013.27      1131.19       457.36       413.52 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1851.292 kN. 
           -. Mry        =      2293.033 kN-m. 
           -. Mrz        =       838.533 kN-m. 
           -. Mr         =      2441.544 kN-m. 
           -. Pu/Pr      =   0.489  --->  O.K ! 
           -. Muy/Mry    =   0.493  --->  O.K ! 
           -. Muz/Mrz    =   0.493  --->  O.K ! 
           -. Mu/Mr      =   0.493  --->  O.K ! 
           -. Ratio      =   0.493  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2304.33 kN. 
           -. Vuz    =        196.82 kN. 
           -. Muy    =       -686.33 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.61 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.71 
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           -. Vuy    =        278.60 kN. 
           -. Muz    =       -522.87 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.06 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.57 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      196.82 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      849.48 kN. 
           -. phiVcz    = phi * Vcz =      764.53 kN. 
 
           -. Vuy       =      278.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      805.58 kN. 
           -. phiVcy    = phi * Vcy =      725.02 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      600.81 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4114.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      600.81 kN. 
           -. phiVsz   = phi*Vsz =      540.73 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      590.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4158.65 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      590.52 kN. 
           -. phiVsy   = phi*Vsy =      531.47 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     341.114 kN. 
           -. Vr       =    1256.489 kN. 
           -. Ratio    = Vu / Vr = 0.271  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      379.02 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      379.02 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0002 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3607 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131006,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -897.48      1131.19      1215.88       413.52       374.29 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -897.48      1131.19      1215.88       413.52       374.29 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1750.279 kN. 
           -. Mry        =      2358.073 kN-m. 
           -. Mrz        =       717.549 kN-m. 
           -. Mr         =      2464.830 kN-m. 
           -. Pu/Pr      =   0.513  --->  O.K ! 
           -. Muy/Mry    =   0.516  --->  O.K ! 
           -. Muz/Mrz    =   0.522  --->  O.K ! 
           -. Mu/Mr      =   0.522  --->  O.K ! 
           -. Ratio      =   0.522  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2316.14 kN. 
           -. Vuz    =        152.93 kN. 
           -. Muy    =       -741.78 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.52 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.74 
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           -. Vuy    =        253.87 kN. 
           -. Muz    =       -399.52 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.96 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.60 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      152.93 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      858.79 kN. 
           -. phiVcz    = phi * Vcz =      772.92 kN. 
 
           -. Vuy       =      253.87 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      815.02 kN. 
           -. phiVcy    = phi * Vcy =      733.51 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      602.89 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4105.43 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      602.89 kN. 
           -. phiVsz   = phi*Vsz =      542.60 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      592.80 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4149.21 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      592.80 kN. 
           -. phiVsy   = phi*Vsy =      533.52 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     296.372 kN. 
           -. Vr       =    1267.036 kN. 
           -. Ratio    = Vu / Vr = 0.234  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      329.30 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      329.30 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy 
=2.4317e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy 
=3.4759e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =3.4759e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131007,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -889.30      1215.88      1270.05       374.29       344.13 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -889.30      1215.88      1270.05       374.29       344.13 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1686.747 kN. 
           -. Mry        =      2394.054 kN-m. 
           -. Mrz        =       643.591 kN-m. 
           -. Mr         =      2479.053 kN-m. 
           -. Pu/Pr      =   0.527  --->  O.K ! 
           -. Muy/Mry    =   0.531  --->  O.K ! 
           -. Muz/Mrz    =   0.535  --->  O.K ! 
           -. Mu/Mr      =   0.535  --->  O.K ! 
           -. Ratio      =   0.535  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2339.52 kN. 
           -. Vuz    =        113.98 kN. 
           -. Muy    =       -807.47 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.47 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
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           -. Vuy    =        229.29 kN. 
           -. Muz    =       -227.21 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.91 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      113.98 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      863.57 kN. 
           -. phiVcz    = phi * Vcz =      777.21 kN. 
 
           -. Vuy       =      229.29 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      819.85 kN. 
           -. phiVcy    = phi * Vcy =      737.87 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      603.94 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4100.66 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      603.94 kN. 
           -. phiVsz   = phi*Vsz =      543.54 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      593.96 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4144.37 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      593.96 kN. 
           -. phiVsy   = phi*Vsy =      534.56 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     256.061 kN. 
           -. Vr       =    1272.429 kN. 
           -. Ratio    = Vu / Vr = 0.201  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      284.51 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      284.51 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0001 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0001 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0001 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131008,  LCB = 151+,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -881.12      1270.05      1295.56       344.13       331.89 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -881.12      1270.05      1295.56       344.13       331.89 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1640.555 kN. 
           -. Mry        =      2413.826 kN-m. 
           -. Mrz        =       612.598 kN-m. 
           -. Mr         =      2490.347 kN-m. 
           -. Pu/Pr      =   0.537  --->  O.K ! 
           -. Muy/Mry    =   0.537  --->  O.K ! 
           -. Muz/Mrz    =   0.542  --->  O.K ! 
           -. Mu/Mr      =   0.542  --->  O.K ! 
           -. Ratio      =   0.542  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2351.32 kN. 
           -. Vuz    =         81.73 kN. 
           -. Muy    =       -817.66 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.45 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.76 
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           -. Vuy    =        205.20 kN. 
           -. Muz    =       -219.91 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.88 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.62 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       81.73 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      866.18 kN. 
           -. phiVcz    = phi * Vcz =      779.56 kN. 
 
           -. Vuy       =      205.20 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      822.50 kN. 
           -. phiVcy    = phi * Vcy =      740.25 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      604.51 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4098.05 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      604.51 kN. 
           -. phiVsz   = phi*Vsz =      544.06 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      594.59 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4141.72 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      594.59 kN. 
           -. phiVsy   = phi*Vsy =      535.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     220.881 kN. 
           -. Vr       =    1275.380 kN. 
           -. Ratio    = Vu / Vr = 0.173  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      245.42 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      245.42 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131009,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -881.26      1295.56      1294.81       331.89       333.42 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -881.26      1295.56      1294.81       331.89       333.42 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1640.555 kN. 
           -. Mry        =      2413.826 kN-m. 
           -. Mrz        =       612.598 kN-m. 
           -. Mr         =      2490.347 kN-m. 
           -. Pu/Pr      =   0.537  --->  O.K ! 
           -. Muy/Mry    =   0.537  --->  O.K ! 
           -. Muz/Mrz    =   0.542  --->  O.K ! 
           -. Mu/Mr      =   0.542  --->  O.K ! 
           -. Ratio      =   0.542  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2363.11 kN. 
           -. Vuz    =         62.47 kN. 
           -. Muy    =       -813.24 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.43 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.77 
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           -. Vuy    =        181.90 kN. 
           -. Muz    =       -258.79 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.86 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       62.47 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      868.09 kN. 
           -. phiVcz    = phi * Vcz =      781.28 kN. 
 
           -. Vuy       =      181.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      824.44 kN. 
           -. phiVcy    = phi * Vcy =      742.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      604.93 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4096.13 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      604.93 kN. 
           -. phiVsz   = phi*Vsz =      544.43 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      595.04 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4139.78 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      595.04 kN. 
           -. phiVsy   = phi*Vsy =      535.54 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     192.332 kN. 
           -. Vr       =    1277.539 kN. 
           -. Ratio    = Vu / Vr = 0.151  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      213.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      213.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0002 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0002 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0002 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131010,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -873.07      1294.81      1272.07       333.42       336.53 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -873.07      1294.81      1272.07       333.42       336.53 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1639.888 kN. 
           -. Mry        =      2413.013 kN-m. 
           -. Mrz        =       615.759 kN-m. 
           -. Mr         =      2490.339 kN-m. 
           -. Pu/Pr      =   0.532  --->  O.K ! 
           -. Muy/Mry    =   0.537  --->  O.K ! 
           -. Muz/Mrz    =   0.541  --->  O.K ! 
           -. Mu/Mr      =   0.541  --->  O.K ! 
           -. Ratio      =   0.541  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2374.89 kN. 
           -. Vuz    =         67.88 kN. 
           -. Muy    =       -796.73 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.41 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.77 
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           -. Vuy    =        159.66 kN. 
           -. Muz    =       -307.65 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.84 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.63 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       67.88 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      869.83 kN. 
           -. phiVcz    = phi * Vcz =      782.85 kN. 
 
           -. Vuy       =      159.66 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      826.20 kN. 
           -. phiVcy    = phi * Vcy =      743.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      605.30 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4094.40 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      605.30 kN. 
           -. phiVsz   = phi*Vsz =      544.77 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      595.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4138.02 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      595.46 kN. 
           -. phiVsy   = phi*Vsy =      535.91 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     173.490 kN. 
           -. Vr       =    1279.497 kN. 
           -. Ratio    = Vu / Vr = 0.136  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      192.77 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      192.77 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131011,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -864.87      1272.07      1229.86       336.53       337.76 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -864.87      1272.07      1229.86       336.53       337.76 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1636.493 kN. 
           -. Mry        =      2408.643 kN-m. 
           -. Mrz        =       632.487 kN-m. 
           -. Mr         =      2490.301 kN-m. 
           -. Pu/Pr      =   0.528  --->  O.K ! 
           -. Muy/Mry    =   0.528  --->  O.K ! 
           -. Muz/Mrz    =   0.532  --->  O.K ! 
           -. Mu/Mr      =   0.532  --->  O.K ! 
           -. Ratio      =   0.532  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2375.10 kN. 
           -. Vuz    =         79.13 kN. 
           -. Muy    =       -796.73 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.39 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.78 
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           -. Vuy    =        138.73 kN. 
           -. Muz    =       -307.65 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.82 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.64 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       79.13 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      871.81 kN. 
           -. phiVcz    = phi * Vcz =      784.63 kN. 
 
           -. Vuy       =      138.73 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      828.21 kN. 
           -. phiVcy    = phi * Vcy =      745.39 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      605.73 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4092.42 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      605.73 kN. 
           -. phiVsz   = phi*Vsz =      545.16 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      595.93 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4136.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      595.93 kN. 
           -. phiVsy   = phi*Vsy =      536.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     159.710 kN. 
           -. Vr       =    1281.727 kN. 
           -. Ratio    = Vu / Vr = 0.125  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      177.46 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      177.46 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0003 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0003 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0003 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131012,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -856.67      1229.86      1157.99       337.76       332.10 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -856.67      1229.86      1157.99       337.76       332.10 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1658.582 kN. 
           -. Mry        =      2396.979 kN-m. 
           -. Mrz        =       654.233 kN-m. 
           -. Mr         =      2484.659 kN-m. 
           -. Pu/Pr      =   0.517  --->  O.K ! 
           -. Muy/Mry    =   0.513  --->  O.K ! 
           -. Muz/Mrz    =   0.516  --->  O.K ! 
           -. Mu/Mr      =   0.517  --->  O.K ! 
           -. Ratio      =   0.517  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2280.12 kN. 
           -. Vuz    =        152.41 kN. 
           -. Muy    =      -1210.02 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.09 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.56 
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           -. Vuy    =         75.36 kN. 
           -. Muz    =       -332.04 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.60 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.42 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      152.41 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      802.53 kN. 
           -. phiVcz    = phi * Vcz =      722.28 kN. 
 
           -. Vuy       =       75.36 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      758.26 kN. 
           -. phiVcy    = phi * Vcy =      682.44 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      589.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4161.69 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      589.77 kN. 
           -. phiVsz   = phi*Vsz =      530.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      578.42 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4205.97 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      578.42 kN. 
           -. phiVsy   = phi*Vsy =      520.58 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     170.022 kN. 
           -. Vr       =    1203.016 kN. 
           -. Ratio    = Vu / Vr = 0.141  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      188.91 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      188.91 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0013 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0014 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0014 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131013,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -848.46      1157.99      1063.82       332.10       320.04 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -848.46      1157.99      1063.82       332.10       320.04 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1733.816 kN. 
           -. Mry        =      2373.116 kN-m. 
           -. Mrz        =       676.638 kN-m. 
           -. Mr         =      2467.695 kN-m. 
           -. Pu/Pr      =   0.489  --->  O.K ! 
           -. Muy/Mry    =   0.488  --->  O.K ! 
           -. Muz/Mrz    =   0.491  --->  O.K ! 
           -. Mu/Mr      =   0.491  --->  O.K ! 
           -. Ratio      =   0.491  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2291.81 kN. 
           -. Vuz    =        192.24 kN. 
           -. Muy    =      -1136.72 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  33.01 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.58 
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           -. Vuy    =         65.62 kN. 
           -. Muz    =       -325.56 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.51 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.44 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      192.24 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      810.16 kN. 
           -. phiVcz    = phi * Vcz =      729.14 kN. 
 
           -. Vuy       =       65.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      765.92 kN. 
           -. phiVcy    = phi * Vcy =      689.33 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      591.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4154.07 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      591.63 kN. 
           -. phiVsz   = phi*Vsz =      532.47 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      580.46 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4198.30 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      580.46 kN. 
           -. phiVsy   = phi*Vsy =      522.41 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     203.127 kN. 
           -. Vr       =    1211.743 kN. 
           -. Ratio    = Vu / Vr = 0.168  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      225.70 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      225.70 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0011 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0011 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0011 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131014,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -840.25      1063.82       954.50       320.04       302.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -840.25      1063.82       954.50       320.04       302.25 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1860.331 kN. 
           -. Mry        =      2341.367 kN-m. 
           -. Mrz        =       693.397 kN-m. 
           -. Mr         =      2441.884 kN-m. 
           -. Pu/Pr      =   0.452  --->  O.K ! 
           -. Muy/Mry    =   0.454  --->  O.K ! 
           -. Muz/Mrz    =   0.462  --->  O.K ! 
           -. Mu/Mr      =   0.462  --->  O.K ! 
           -. Ratio      =   0.462  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2303.49 kN. 
           -. Vuz    =        219.40 kN. 
           -. Muy    =      -1042.15 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.87 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.62 
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           -. Vuy    =         57.67 kN. 
           -. Muz    =       -313.04 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.36 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.48 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      219.40 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      823.04 kN. 
           -. phiVcz    = phi * Vcz =      740.74 kN. 
 
           -. Vuy       =       57.67 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      778.89 kN. 
           -. phiVcy    = phi * Vcy =      701.00 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      594.71 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4141.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      594.71 kN. 
           -. phiVsz   = phi*Vsz =      535.24 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      583.83 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4185.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      583.83 kN. 
           -. phiVsy   = phi*Vsy =      525.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     226.858 kN. 
           -. Vr       =    1226.455 kN. 
           -. Ratio    = Vu / Vr = 0.185  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      252.06 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      252.06 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0008 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0008 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0008 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131015,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -832.03       954.50       836.80       302.25       279.95 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -832.03       954.50       836.80       302.25       279.95 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -1993.012 kN. 
           -. Mry        =      2302.783 kN-m. 
           -. Mrz        =       719.441 kN-m. 
           -. Mr         =      2412.552 kN-m. 
           -. Pu/Pr      =   0.417  --->  O.K ! 
           -. Muy/Mry    =   0.414  --->  O.K ! 
           -. Muz/Mrz    =   0.420  --->  O.K ! 
           -. Mu/Mr      =   0.420  --->  O.K ! 
           -. Ratio      =   0.420  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2315.16 kN. 
           -. Vuz    =        234.34 kN. 
           -. Muy    =       -933.26 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.69 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.68 
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           -. Vuy    =         53.92 kN. 
           -. Muz    =       -295.08 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  33.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.54 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      234.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      840.51 kN. 
           -. phiVcz    = phi * Vcz =      756.46 kN. 
 
           -. Vuy       =       53.92 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      796.52 kN. 
           -. phiVcy    = phi * Vcy =      716.86 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      598.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4123.72 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      598.77 kN. 
           -. phiVsz   = phi*Vsz =      538.90 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      588.29 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4167.71 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      588.29 kN. 
           -. phiVsy   = phi*Vsy =      529.46 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     240.462 kN. 
           -. Vr       =    1246.323 kN. 
           -. Ratio    = Vu / Vr = 0.193  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      267.18 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      267.18 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =   
0.0004 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =   
0.0004 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =   0.0004 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131016,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -823.81       836.80       716.61       279.95       254.52 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -823.81       836.80       716.61       279.95       254.52 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2212.568 kN. 
           -. Mry        =      2244.786 kN-m. 
           -. Mrz        =       743.363 kN-m. 
           -. Mr         =      2364.667 kN-m. 
           -. Pu/Pr      =   0.372  --->  O.K ! 
           -. Muy/Mry    =   0.373  --->  O.K ! 
           -. Muz/Mrz    =   0.377  --->  O.K ! 
           -. Mu/Mr      =   0.377  --->  O.K ! 
           -. Ratio      =   0.377  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2326.83 kN. 
           -. Vuz    =        238.04 kN. 
           -. Muy    =       -816.66 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.49 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.75 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3649 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         55.60 kN. 
           -. Muz    =       -272.85 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.61 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      238.04 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      861.74 kN. 
           -. phiVcz    = phi * Vcz =      775.57 kN. 
 
           -. Vuy       =       55.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      818.00 kN. 
           -. phiVcy    = phi * Vcy =      736.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      603.54 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4102.49 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      603.54 kN. 
           -. phiVsz   = phi*Vsz =      543.18 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      593.52 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4146.23 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      593.52 kN. 
           -. phiVsy   = phi*Vsy =      534.16 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     244.445 kN. 
           -. Vr       =    1270.365 kN. 
           -. Ratio    = Vu / Vr = 0.192  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      271.61 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      271.61 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =-
3.0813e-005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =-
2.2255e-005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =-2.2255e-005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131017,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -815.58       716.61       599.10       254.52       227.34 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -815.58       716.61       599.10       254.52       227.34 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2467.370 kN. 
           -. Mry        =      2177.028 kN-m. 
           -. Mrz        =       770.398 kN-m. 
           -. Mr         =      2309.321 kN-m. 
           -. Pu/Pr      =   0.331  --->  O.K ! 
           -. Muy/Mry    =   0.329  --->  O.K ! 
           -. Muz/Mrz    =   0.330  --->  O.K ! 
           -. Mu/Mr      =   0.331  --->  O.K ! 
           -. Ratio      =   0.331  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2338.50 kN. 
           -. Vuz    =        231.86 kN. 
           -. Muy    =       -698.04 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.26 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.82 
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           -. Vuy    =         57.10 kN. 
           -. Muz    =       -247.70 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.67 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.69 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      231.86 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      886.05 kN. 
           -. phiVcz    = phi * Vcz =      797.44 kN. 
 
           -. Vuy       =       57.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      842.69 kN. 
           -. phiVcy    = phi * Vcy =      758.42 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      608.77 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4078.18 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      608.77 kN. 
           -. phiVsz   = phi*Vsz =      547.89 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      599.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4121.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      599.27 kN. 
           -. phiVsy   = phi*Vsy =      539.34 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     238.790 kN. 
           -. Vr       =    1297.760 kN. 
           -. Ratio    = Vu / Vr = 0.184  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      265.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      265.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0005 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0005 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0005 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131018,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -807.34       599.10       488.57       227.34       199.65 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -807.34       599.10       488.57       227.34       199.65 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -2787.996 kN. 
           -. Mry        =      2090.892 kN-m. 
           -. Mrz        =       789.228 kN-m. 
           -. Mr         =      2234.885 kN-m. 
           -. Pu/Pr      =   0.290  --->  O.K ! 
           -. Muy/Mry    =   0.287  --->  O.K ! 
           -. Muz/Mrz    =   0.288  --->  O.K ! 
           -. Mu/Mr      =   0.290  --->  O.K ! 
           -. Ratio      =   0.290  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2350.16 kN. 
           -. Vuz    =        217.42 kN. 
           -. Muy    =       -582.42 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  32.03 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   2.91 
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           -. Vuy    =         56.97 kN. 
           -. Muz    =       -220.95 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.41 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.77 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      217.42 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      912.52 kN. 
           -. phiVcz    = phi * Vcz =      821.27 kN. 
 
           -. Vuy       =       56.97 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      869.68 kN. 
           -. phiVcy    = phi * Vcy =      782.72 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      614.22 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4051.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      614.22 kN. 
           -. phiVsz   = phi*Vsz =      552.80 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      605.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4094.54 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      605.27 kN. 
           -. phiVsy   = phi*Vsy =      544.74 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     224.761 kN. 
           -. Vr       =    1327.461 kN. 
           -. Ratio    = Vu / Vr = 0.169  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      249.73 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      249.73 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0010 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0010 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0010 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131019,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -799.10       488.57       388.44       199.65       172.57 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -799.10       488.57       388.44       199.65       172.57 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3213.897 kN. 
           -. Mry        =      1966.950 kN-m. 
           -. Mrz        =       796.229 kN-m. 
           -. Mr         =      2121.997 kN-m. 
           -. Pu/Pr      =   0.249  --->  O.K ! 
           -. Muy/Mry    =   0.248  --->  O.K ! 
           -. Muz/Mrz    =   0.251  --->  O.K ! 
           -. Mu/Mr      =   0.251  --->  O.K ! 
           -. Ratio      =   0.251  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2361.81 kN. 
           -. Vuz    =        196.46 kN. 
           -. Muy    =       -473.96 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.81 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.00 
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           -. Vuy    =         55.10 kN. 
           -. Muz    =       -193.80 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  32.16 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.86 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      196.46 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      940.15 kN. 
           -. phiVcz    = phi * Vcz =      846.13 kN. 
 
           -. Vuy       =       55.10 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      897.97 kN. 
           -. phiVcy    = phi * Vcy =      808.18 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      619.65 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     4024.08 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      619.65 kN. 
           -. phiVsz   = phi*Vsz =      557.68 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      611.26 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4066.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      611.26 kN. 
           -. phiVsy   = phi*Vsy =      550.13 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     204.040 kN. 
           -. Vr       =    1358.308 kN. 
           -. Ratio    = Vu / Vr = 0.150  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      226.71 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      226.71 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0015 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0015 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0015 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131020,  LCB = 151+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 151+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -790.85       388.44       301.27       172.57       147.05 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -790.85       388.44       301.27       172.57       147.05 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -3714.306 kN. 
           -. Mry        =      1821.705 kN-m. 
           -. Mrz        =       801.761 kN-m. 
           -. Mr         =      1990.334 kN-m. 
           -. Pu/Pr      =   0.213  --->  O.K ! 
           -. Muy/Mry    =   0.213  --->  O.K ! 
           -. Muz/Mrz    =   0.215  --->  O.K ! 
           -. Mu/Mr      =   0.215  --->  O.K ! 
           -. Ratio      =   0.215  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2373.46 kN. 
           -. Vuz    =        170.67 kN. 
           -. Muy    =       -375.92 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.59 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.08 
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           -. Vuy    =         51.60 kN. 
           -. Muz    =       -167.32 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.92 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   2.95 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      170.67 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      967.83 kN. 
           -. phiVcz    = phi * Vcz =      871.05 kN. 
 
           -. Vuy       =       51.60 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      926.45 kN. 
           -. phiVcy    = phi * Vcy =      833.81 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      624.84 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3996.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      624.84 kN. 
           -. phiVsz   = phi*Vsz =      562.36 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      616.99 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4037.77 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      616.99 kN. 
           -. phiVsy   = phi*Vsy =      555.29 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     178.299 kN. 
           -. Vr       =    1389.098 kN. 
           -. Ratio    = Vu / Vr = 0.128  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      198.11 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      198.11 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0019 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0019 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0019 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131021,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -889.87       201.60       154.70       253.31       218.83 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -889.87       201.60       154.70       253.31       218.83 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -4735.362 kN. 
           -. Mry        =      1069.148 kN-m. 
           -. Mrz        =      1337.733 kN-m. 
           -. Mr         =      1712.486 kN-m. 
           -. Pu/Pr      =   0.188  --->  O.K ! 
           -. Muy/Mry    =   0.189  --->  O.K ! 
           -. Muz/Mrz    =   0.189  --->  O.K ! 
           -. Mu/Mr      =   0.189  --->  O.K ! 
           -. Ratio      =   0.189  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2385.10 kN. 
           -. Vuz    =        141.62 kN. 
           -. Muy    =       -290.76 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.40 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.17 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3669 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
           -. Vuy    =         46.68 kN. 
           -. Muz    =       -142.42 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.70 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.04 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      141.62 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =      994.47 kN. 
           -. phiVcz    = phi * Vcz =      895.03 kN. 
 
           -. Vuy       =       46.68 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      953.97 kN. 
           -. phiVcy    = phi * Vcy =      858.58 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      629.62 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3969.75 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      629.62 kN. 
           -. phiVsz   = phi*Vsz =      566.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      622.27 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     4010.25 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      622.27 kN. 
           -. phiVsy   = phi*Vsy =      560.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     149.116 kN. 
           -. Vr       =    1418.623 kN. 
           -. Ratio    = Vu / Vr = 0.105  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      165.68 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      165.68 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0023 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0023 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0023 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131022,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -881.66       154.70       116.14       218.83       186.25 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -881.66       154.70       116.14       218.83       186.25 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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========================================================================================== 
 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5218.167 kN. 
           -. Mry        =       906.993 kN-m. 
           -. Mrz        =      1283.369 kN-m. 
           -. Mr         =      1571.519 kN-m. 
           -. Pu/Pr      =   0.169  --->  O.K ! 
           -. Muy/Mry    =   0.171  --->  O.K ! 
           -. Muz/Mrz    =   0.171  --->  O.K ! 
           -. Mu/Mr      =   0.171  --->  O.K ! 
           -. Ratio      =   0.171  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2396.74 kN. 
           -. Vuz    =        115.70 kN. 
           -. Muy    =       -220.11 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.24 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.24 
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           -. Vuy    =         41.62 kN. 
           -. Muz    =       -119.81 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.52 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.12 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =      115.70 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1018.01 kN. 
           -. phiVcz    = phi * Vcz =      916.21 kN. 
 
           -. Vuy       =       41.62 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      978.39 kN. 
           -. phiVcy    = phi * Vcy =      880.55 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      633.68 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3946.21 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      633.68 kN. 
           -. phiVsz   = phi*Vsz =      570.31 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      626.76 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3985.84 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      626.76 kN. 
           -. phiVsy   = phi*Vsy =      564.09 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     122.959 kN. 
           -. Vr       =    1444.634 kN. 
           -. Ratio    = Vu / Vr = 0.085  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      136.62 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      136.62 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0027 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0027 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0027 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131023,  LCB = 152+,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152+ 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           -873.43       116.14        84.39       186.25       155.94 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     -873.43       116.14        84.39       186.25       155.94 
           ------------------------------------------------------------------------------- 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
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      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     -5678.471 kN. 
           -. Mry        =       753.657 kN-m. 
           -. Mrz        =      1222.538 kN-m. 
           -. Mr         =      1436.175 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.154  --->  O.K ! 
           -. Muz/Mrz    =   0.152  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2408.37 kN. 
           -. Vuz    =         94.77 kN. 
           -. Muy    =       -162.41 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  31.10 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.31 
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           -. Vuy    =         37.09 kN. 
           -. Muz    =        -99.61 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.37 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.18 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       94.77 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1037.92 kN. 
           -. phiVcz    = phi * Vcz =      934.13 kN. 
 
           -. Vuy       =       37.09 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =      999.11 kN. 
           -. phiVcy    = phi * Vcy =      899.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      637.00 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3926.31 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      637.00 kN. 
           -. phiVsz   = phi*Vsz =      573.30 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      630.43 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3965.12 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      630.43 kN. 
           -. phiVsy   = phi*Vsy =      567.39 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =     101.766 kN. 
           -. Vr       =    1466.587 kN. 
           -. Ratio    = Vu / Vr = 0.069  --->  O.K ! 
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      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =      113.07 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =      113.07 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0029 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0029 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0029 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131024,  LCB = 152-,  POS =    I 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2527.38       -78.83       -54.91      -153.08      -126.03 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2527.38       -78.83       -54.91      -153.08      -126.03 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       54.91 kN-m. 
           -. End Moments (My2) =       78.83 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -78.83 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -78.83 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      126.03 kN-m. 
           -. End Moments (Mz2) =      153.08 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -153.08 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -153.08 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       530.924 kN-m. 
           -. Mrz        =      1037.280 kN-m. 
           -. Mr         =      1165.260 kN-m. 
           -. Pu/Pr      =   0.147  --->  O.K ! 
           -. Muy/Mry    =   0.148  --->  O.K ! 
           -. Muz/Mrz    =   0.148  --->  O.K ! 
           -. Mu/Mr      =   0.148  --->  O.K ! 
           -. Ratio      =   0.148  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2420.00 kN. 
           -. Vuz    =         74.72 kN. 
           -. Muy    =       -115.18 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.99 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.36 
 
           -. Vuy    =         32.35 kN. 
           -. Muz    =        -81.62 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.24 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.24 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       74.72 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1055.27 kN. 
           -. phiVcz    = phi * Vcz =      949.74 kN. 
 
           -. Vuy       =       32.35 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1017.22 kN. 
           -. phiVcy    = phi * Vcy =      915.49 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      639.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3908.96 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      639.80 kN. 
           -. phiVsz   = phi*Vsz =      575.82 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      633.55 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3947.01 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      633.55 kN. 
           -. phiVsy   = phi*Vsy =      570.19 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      81.421 kN. 
           -. Vr       =    1485.686 kN. 
           -. Ratio    = Vu / Vr = 0.055  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       90.47 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       90.47 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0032 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0032 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0032 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131025,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2550.60       -54.91       -36.93      -126.03      -101.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2550.60       -54.91       -36.93      -126.03      -101.98 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       36.93 kN-m. 
           -. End Moments (My2) =       54.91 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -36.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -36.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =      101.98 kN-m. 
           -. End Moments (Mz2) =      126.03 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =     -101.98 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =     -101.98 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       248.547 kN-m. 
           -. Mrz        =       686.319 kN-m. 
           -. Mr         =       729.937 kN-m. 
           -. Pu/Pr      =   0.149  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.149  --->  O.K ! 
           -. Ratio      =   0.149  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2431.62 kN. 
           -. Vuz    =         56.06 kN. 
           -. Muy    =        -77.99 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.90 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =         27.63 kN. 
           -. Muz    =        -65.93 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.14 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.29 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3686 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       56.06 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1069.76 kN. 
           -. phiVcz    = phi * Vcz =      962.79 kN. 
 
           -. Vuy       =       27.63 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1032.38 kN. 
           -. phiVcy    = phi * Vcy =      929.15 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      642.09 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3894.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      642.09 kN. 
           -. phiVsz   = phi*Vsz =      577.88 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      636.08 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3931.84 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      636.08 kN. 
           -. phiVsy   = phi*Vsy =      572.48 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      62.494 kN. 
           -. Vr       =    1501.623 kN. 
           -. Ratio    = Vu / Vr = 0.042  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       69.44 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       69.44 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0034 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0034 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0034 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131026,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2562.25       -36.93       -23.43      -101.98       -80.49 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2562.25       -36.93       -23.43      -101.98       -80.49 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       23.43 kN-m. 
           -. End Moments (My2) =       36.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -23.43 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -23.43 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       80.49 kN-m. 
           -. End Moments (Mz2) =      101.98 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -80.49 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -80.49 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =       156.834 kN-m. 
           -. Mrz        =       539.248 kN-m. 
           -. Mr         =       561.592 kN-m. 
           -. Pu/Pr      =   0.149  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.149  --->  O.K ! 
           -. Mu/Mr      =   0.149  --->  O.K ! 
           -. Ratio      =   0.149  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2550.68 kN. 
           -. Vuz    =         28.16 kN. 
           -. Muy    =        -36.93 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.98 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.37 
 
           -. Vuy    =         43.23 kN. 
           -. Muz    =       -101.98 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.23 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.25 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       28.16 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1057.38 kN. 
           -. phiVcz    = phi * Vcz =      951.64 kN. 
 
           -. Vuy       =       43.23 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1019.42 kN. 
           -. phiVcy    = phi * Vcy =      917.48 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      640.14 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3906.85 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      640.14 kN. 
           -. phiVsz   = phi*Vsz =      576.13 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      633.92 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3944.81 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      633.92 kN. 
           -. phiVsy   = phi*Vsy =      570.53 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      51.591 kN. 
           -. Vr       =    1488.005 kN. 
           -. Ratio    = Vu / Vr = 0.035  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       57.32 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       57.32 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0036 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0036 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0036 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131027,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2573.88       -23.43       -13.20       -80.49       -60.98 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2573.88       -23.43       -13.20       -80.49       -60.98 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =       13.20 kN-m. 
           -. End Moments (My2) =       23.43 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =      -13.20 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =      -13.20 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       60.98 kN-m. 
           -. End Moments (Mz2) =       80.49 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -60.98 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -60.98 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        87.726 kN-m. 
           -. Mrz        =       406.705 kN-m. 
           -. Mr         =       416.059 kN-m. 
           -. Pu/Pr      =   0.150  --->  O.K ! 
           -. Muy/Mry    =   0.150  --->  O.K ! 
           -. Muz/Mrz    =   0.150  --->  O.K ! 
           -. Mu/Mr      =   0.150  --->  O.K ! 
           -. Ratio      =   0.150  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2562.31 kN. 
           -. Vuz    =         22.23 kN. 
           -. Muy    =        -23.43 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.93 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.39 
 
           -. Vuy    =         39.28 kN. 
           -. Muz    =        -80.49 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.17 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.27 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       22.23 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1064.86 kN. 
           -. phiVcz    = phi * Vcz =      958.37 kN. 
 
           -. Vuy       =       39.28 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1027.25 kN. 
           -. phiVcy    = phi * Vcy =      924.52 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      641.32 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3899.37 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      641.32 kN. 
           -. phiVsz   = phi*Vsz =      577.19 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      635.23 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3936.98 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      635.23 kN. 
           -. phiVsy   = phi*Vsy =      571.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      45.132 kN. 
           -. Vr       =    1496.233 kN. 
           -. Ratio    = Vu / Vr = 0.030  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       50.15 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       50.15 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0037 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0037 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0037 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131028,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2585.51       -13.20        -7.06       -60.98       -43.35 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2585.51       -13.20        -7.06       -60.98       -43.35 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.06 kN-m. 
           -. End Moments (My2) =       13.20 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -7.06 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -7.06 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       43.35 kN-m. 
           -. End Moments (Mz2) =       60.98 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -43.35 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -43.35 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        47.481 kN-m. 
           -. Mrz        =       287.687 kN-m. 
           -. Mr         =       291.579 kN-m. 
           -. Pu/Pr      =   0.151  --->  O.K ! 
           -. Muy/Mry    =   0.149  --->  O.K ! 
           -. Muz/Mrz    =   0.151  --->  O.K ! 
           -. Mu/Mr      =   0.151  --->  O.K ! 
           -. Ratio      =   0.151  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2573.94 kN. 
           -. Vuz    =         17.30 kN. 
           -. Muy    =        -13.20 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.89 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.41 
 
           -. Vuy    =         35.54 kN. 
           -. Muz    =        -60.98 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.13 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.30 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =       17.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1071.29 kN. 
           -. phiVcz    = phi * Vcz =      964.16 kN. 
 
           -. Vuy       =       35.54 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1033.99 kN. 
           -. phiVcy    = phi * Vcy =      930.59 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      642.33 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3892.94 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      642.33 kN. 
           -. phiVsz   = phi*Vsz =      578.10 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      636.35 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3930.24 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      636.35 kN. 
           -. phiVsy   = phi*Vsy =      572.71 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      39.529 kN. 
           -. Vr       =    1503.302 kN. 
           -. Ratio    = Vu / Vr = 0.026  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       43.92 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       43.92 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0038 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0038 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0038 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131029,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2597.13        -7.06        -8.12       -43.35       -27.50 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2597.13        -7.06        -8.12       -43.35       -27.50 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        7.06 kN-m. 
           -. End Moments (My2) =        8.12 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.12 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.12 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       27.50 kN-m. 
           -. End Moments (Mz2) =       43.35 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -27.50 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -27.50 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        53.643 kN-m. 
           -. Mrz        =       181.754 kN-m. 
           -. Mr         =       189.505 kN-m. 
           -. Pu/Pr      =   0.151  --->  O.K ! 
           -. Muy/Mry    =   0.151  --->  O.K ! 
           -. Muz/Mrz    =   0.151  --->  O.K ! 
           -. Mu/Mr      =   0.151  --->  O.K ! 
           -. Ratio      =   0.151  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2585.56 kN. 
           -. Vuz    =         13.38 kN. 
           -. Muy    =         -7.06 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.86 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.43 
 
           -. Vuy    =         32.13 kN. 
           -. Muz    =        -43.35 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.09 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.31 
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      ( ). Compute shear strength of concrete. 
           -. Vuz       =       13.38 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1076.69 kN. 
           -. phiVcz    = phi * Vcz =      969.02 kN. 
 
           -. Vuy       =       32.13 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1039.65 kN. 
           -. phiVcy    = phi * Vcy =      935.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      643.17 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3887.53 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      643.17 kN. 
           -. phiVsz   = phi*Vsz =      578.85 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      637.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3924.58 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      637.28 kN. 
           -. phiVsy   = phi*Vsy =      573.55 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      34.805 kN. 
           -. Vr       =    1509.236 kN. 
           -. Ratio    = Vu / Vr = 0.023  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       38.67 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       38.67 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0039 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0039 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0039 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131030,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2608.74        -8.12        -8.52       -27.50       -15.99 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2608.74        -8.12        -8.52       -27.50       -15.99 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        8.12 kN-m. 
           -. End Moments (My2) =        8.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -8.52 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -8.52 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =       15.99 kN-m. 
           -. End Moments (Mz2) =       27.50 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =      -15.99 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =      -15.99 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        56.159 kN-m. 
           -. Mrz        =       105.163 kN-m. 
           -. Mr         =       119.219 kN-m. 
           -. Pu/Pr      =   0.152  --->  O.K ! 
           -. Muy/Mry    =   0.152  --->  O.K ! 
           -. Muz/Mrz    =   0.152  --->  O.K ! 
           -. Mu/Mr      =   0.152  --->  O.K ! 
           -. Ratio      =   0.152  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2597.17 kN. 
           -. Vuz    =          5.30 kN. 
           -. Muy    =         -8.12 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.83 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.45 
 
           -. Vuy    =         23.32 kN. 
           -. Muz    =        -27.50 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.05 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.33 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.30 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1082.53 kN. 
           -. phiVcz    = phi * Vcz =      974.27 kN. 
 
           -. Vuy       =       23.32 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1045.77 kN. 
           -. phiVcy    = phi * Vcy =      941.20 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      644.07 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3881.70 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      644.07 kN. 
           -. phiVsz   = phi*Vsz =      579.66 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      638.28 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3918.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      638.28 kN. 
           -. phiVsy   = phi*Vsy =      574.45 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      23.919 kN. 
           -. Vr       =    1515.644 kN. 
           -. Ratio    = Vu / Vr = 0.016  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       26.58 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       26.58 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0040 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0040 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0040 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131031,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2620.34        -8.52        -6.93       -15.99        -8.12 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2620.34        -8.52        -6.93       -15.99        -8.12 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        6.93 kN-m. 
           -. End Moments (My2) =        8.52 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -6.93 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -6.93 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        8.12 kN-m. 
           -. End Moments (Mz2) =       15.99 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -8.12 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -8.12 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        45.390 kN-m. 
           -. Mrz        =        53.186 kN-m. 
           -. Mr         =        69.921 kN-m. 
           -. Pu/Pr      =   0.153  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.153  --->  O.K ! 
           -. Mu/Mr      =   0.153  --->  O.K ! 
           -. Ratio      =   0.153  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = I ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2608.77 kN. 
           -. Vuz    =          3.79 kN. 
           -. Muy    =         -8.52 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.80 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.46 
 
           -. Vuy    =         15.90 kN. 
           -. Muz    =        -15.99 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.03 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        3.79 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1086.21 kN. 
           -. phiVcz    = phi * Vcz =      977.59 kN. 
 
           -. Vuy       =       15.90 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1049.64 kN. 
           -. phiVcy    = phi * Vcy =      944.68 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      644.63 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3878.02 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      644.63 kN. 
           -. phiVsz   = phi*Vsz =      580.17 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      638.90 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3914.59 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      638.90 kN. 
           -. phiVsy   = phi*Vsy =      575.01 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      16.345 kN. 
           -. Vr       =    1519.688 kN. 
           -. Ratio    = Vu / Vr = 0.011  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       18.16 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       18.16 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131032,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2631.93        -6.93        -4.15        -8.12        -3.22 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2631.93        -6.93        -4.15        -8.12        -3.22 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        4.15 kN-m. 
           -. End Moments (My2) =        6.93 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -4.15 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -4.15 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        3.22 kN-m. 
           -. End Moments (Mz2) =        8.12 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -3.22 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -3.22 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =        27.028 kN-m. 
           -. Mrz        =        21.000 kN-m. 
           -. Mr         =        34.227 kN-m. 
           -. Pu/Pr      =   0.153  --->  O.K ! 
           -. Muy/Mry    =   0.153  --->  O.K ! 
           -. Muz/Mrz    =   0.153  --->  O.K ! 
           -. Mu/Mr      =   0.153  --->  O.K ! 
           -. Ratio      =   0.153  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 152, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2631.93 kN. 
           -. Vuz    =          5.65 kN. 
           -. Muy    =         -4.15 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.79 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.47 
 
           -. Vuy    =          9.86 kN. 
           -. Muz    =         -3.22 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  31.02 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.35 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        5.65 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1087.83 kN. 
           -. phiVcz    = phi * Vcz =      979.05 kN. 
 
           -. Vuy       =        9.86 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1051.35 kN. 
           -. phiVcy    = phi * Vcy =      946.21 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      644.88 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3876.39 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      644.88 kN. 
           -. phiVsz   = phi*Vsz =      580.39 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      639.18 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3912.88 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      639.18 kN. 
           -. phiVsy   = phi*Vsy =      575.26 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =      11.364 kN. 
           -. Vr       =    1521.469 kN. 
           -. Ratio    = Vu / Vr = 0.007  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       12.63 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       12.63 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0042 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0042 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0042 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131033,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2643.51        -4.15        -1.39        -3.22        -0.69 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2643.51        -4.15        -1.39        -3.22        -0.69 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        1.39 kN-m. 
           -. End Moments (My2) =        4.15 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =       -1.39 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =       -1.39 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.69 kN-m. 
           -. End Moments (Mz2) =        3.22 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =       -0.69 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =       -0.69 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         9.004 kN-m. 
           -. Mrz        =         4.467 kN-m. 
           -. Mr         =        10.052 kN-m. 
           -. Pu/Pr      =   0.154  --->  O.K ! 
           -. Muy/Mry    =   0.154  --->  O.K ! 
           -. Muz/Mrz    =   0.154  --->  O.K ! 
           -. Mu/Mr      =   0.154  --->  O.K ! 
           -. Ratio      =   0.154  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2535.95 kN. 
           -. Vuz    =          8.64 kN. 
           -. Muy    =         -2.17 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =          3.19 kN. 
           -. Muz    =         -0.57 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.94 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.39 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        8.64 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1099.76 kN. 
           -. phiVcz    = phi * Vcz =      989.79 kN. 
 
           -. Vuy       =        3.19 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1063.89 kN. 
           -. phiVcy    = phi * Vcy =      957.50 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.67 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3864.46 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.67 kN. 
           -. phiVsz   = phi*Vsz =      582.01 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      641.17 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3900.33 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      641.17 kN. 
           -. phiVsy   = phi*Vsy =      577.05 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       9.208 kN. 
           -. Vr       =    1534.558 kN. 
           -. Ratio    = Vu / Vr = 0.006  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =       10.23 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =       10.23 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
      *.MIDAS/Civil - RC-COLUMN  Analysis/Design Program. 
 
      *.PROJECT       :  
      *.DESIGN CODE   : AASHTO-LRFD12,    *.UNIT SYSTEM : kN, m 
      *.MEMBER        : Member Type = COLUMN ,  MEMB =131034,  LCB = 152-,  POS =    J 
 
      *.DESCRIPTION OF COLUMN  DATA (iSEC =    63) : Pilote_1.00 
        Column Height (L)                =         0.500 m. 
 
        Section Type : SOLID ROUND (SR) 
        Section Diameter  (D)             =         1.000 m. 
        Concrete Strength (fc)           =     27579.038 KPa. 
        Main Rebar Strength (fy)         =    413685.566 KPa. 
        Ties/Spirals Strength (fys)      =    413685.566 KPa. 
        Modulus of Elasticity (Es)       = 199948023.746 KPa. 
 
      *.REINFORCEMENT PATTERN :  
        --------------------------------------------------------------------------------------- 
          Layer         Pos1    As( m^2.)         Pos2    As( m^2.)         Pos3    As( m^2.) 
        --------------------------------------------------------------------------------------- 
            1         18-#14 (    0.0261)            -                         -              
        --------------------------------------------------------------------------------------- 
 
      *.Ties :  2.0-#4  @200 
 
 =============================================================================== 
    [[[*]]]   CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENTS. 
 =============================================================================== 
 
      ( ). Factored forces/moments caused by unit load case.  Unit : kN., m. 
           *.Load combination ID = 152- 
           ------------------------------------------------------------------------------- 
            Load Case         Pu_max          Myi          Myj          Mzi          Mzj   
           ------------------------------------------------------------------------------- 
            DL                 -0.00         0.00         0.00         0.00         0.00 
            LL                 -0.00         0.00         0.00         0.00         0.00 
            DL+LL              -0.00         0.00         0.00         0.00         0.00 
            Others           2655.09        -1.39         0.00        -0.69         0.00 
           ------------------------------------------------------------------------------- 
            DL+LL+Others     2655.09        -1.39         0.00        -0.69         0.00 
           ------------------------------------------------------------------------------- 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (My1) =        0.00 kN-m. 
           -. End Moments (My2) =        1.39 kN-m. 
           -. Slenderness ratio limits. 
              SRy(Unbraced) =  22.00 
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========================================================================================== 
 
           -. Radii of gyration (Roy)        =    0.250 m. 
           -. Unbraced lengths  (Ly)         =    0.500 m. 
           -. Effective length factors (Ky)  =    1.000 
           -. SLENy  =  Ky*Ly/Roy  =    2.000  <  SRy  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for major axis(DBy,DSy). 
           -. DBy    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_y  =  My_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_y  =  My_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcy              =  DBy*QMb_y + DSy*QMs_y             =        0.00 kN-m. 
 
      ( ). Check slenderness ratios of BRACED/UNBRACED frame. 
           -. End Moments (Mz1) =        0.00 kN-m. 
           -. End Moments (Mz2) =        0.69 kN-m. 
           -. Slenderness ratio limits. 
              SRz(Unbraced) =  22.00 
           -. Radii of gyration (Roz)        =    0.250 m. 
           -. Unbraced lengths  (Lz)         =    0.500 m. 
           -. Effective length factors (Kz)  =    1.000 
           -. SLENz  =  Kz*Lz/Roz  =    2.000  <  SRz  --->  NOT SLENDER. 
 
      ( ). Compute moment magnification factors for minor axis(DBz,DSz). 
           -. DBz    =     1.00 (Default value) 
 
      ( ). Compute magnified moments. 
           -. No sidesway moments. 
              QMb_z  =  Mz_G   =        0.00 kN-m. 
           -. Sidesway moments. 
              QMs_z  =  Mz_S   =        0.00 kN-m. 
           -. Compute magnified moments. 
              Mcz              =  DBz*QMb_z + DSz*QMs_z             =        0.00 kN-m. 
 
 =============================================================================== 
    [[[*]]]   ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 =============================================================================== 
 
      ( ). Compute design parameter. 
           -. phi   =   0.90 
           -. Alpha =   0.85 
           -. Beta  =   0.85 
           -. ecu   =  0.0030 
 
      ( ). Compute maximum and minimum reinforcement. 
           -. Rhomax1 =   0.0300 (User Input) 
           -. Rhomax  = MIN[ Rhomax1, 0.08 ] =   0.0300 
           -. Rhomin  = 0.135*fc'/fy =   0.0090 
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      ( ). Check tensile reinforcement. 
           -. Rho     =     0.0333 
           -. Rho > Rho_max  --->  Not Acceptable !!! 
 
      ( ). Check moment capacity. 
           -. Pr_max     =     17164.865 kN. 
           -. Pr         =     17164.865 kN. 
           -. Mry        =         0.000 kN-m. 
           -. Mrz        =         0.000 kN-m. 
           -. Mr         =         0.000 kN-m. 
           -. Pu/Pr      =   0.155  --->  O.K ! 
           -. Muy/Mry    =   0.000  --->  O.K ! 
           -. Muz/Mrz    =   0.000  --->  O.K ! 
           -. Mu/Mr      =   0.155  --->  O.K ! 
           -. Ratio      =   0.155  --->  O.K ! 
 
 ===================================================================================== 
    [[[*]]]   ANALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-COLUMN. 
 ===================================================================================== 
 
      ( ). Compute shear parameter. ( LCB = 151, POS = J ) 
           -. phi    =   0.90 
           -. Av     =     0.0003 m^2. 
           -. Pu     =       2547.53 kN. 
           -. Vuz    =          4.34 kN. 
           -. Muy    =          0.00 kN-m. 
           -. bvz    =   1.00 m. 
           -. dvz    =  MAX[ dvz_calc, 0.9*dz, 0.72*Hc ] =   0.72 m. 
           -. thetaz =  30.72 Deg.   [Clause 5.8.3.4.2] 
           -. betaz  =   3.51 
 
           -. Vuy    =          1.14 kN. 
           -. Muz    =          0.00 kN-m. 
           -. bvy    =   1.00 m. 
           -. dvy    =  MAX[ dvy_calc, 0.9*dy, 0.72*Bc ] =   0.72 m. 
           -. thetay =  30.93 Deg.   [Clause 5.8.3.4.2] 
           -. betay  =   3.39 
  



GOBIERNO DE LA CIUDAD DE 

MÉXICO 
SECRETARÍA DE OBRAS Y SERVICIOS 
Dirección General de Obras Para el 

Transporte 

   TÍTULO: 

APÉNDICE 10. DISEÑO DE PILAS  
 

 

 

No. Clave:                       DGOT‐20‐EST‐III‐0116‐00317‐M‐00 

 
HOJA: 3722 DE 3722 

 

 

------------------------------------------------------------------------------------------ 
 MIDAS/Civil - RC-Column Checking [ AASHTO-LRFD12 ]                             Civil 2020 
========================================================================================== 
 
 
      ( ). Compute shear strength of concrete. 
           -. Vuz       =        4.34 kN. 
           -. Vcz       = 0.0316*betaz*SQRT[fc']*bvz*dvz =     1100.61 kN. 
           -. phiVcz    = phi * Vcz =      990.55 kN. 
 
           -. Vuy       =        1.14 kN. 
           -. Vcy       = 0.0316*betay*SQRT[fc']*bvy*dvy =     1064.78 kN. 
           -. phiVcy    = phi * Vcy =      958.30 kN. 
 
      ( ). Compute maximum spacing of ties. 
           -. Maximum spacing smax_z  = MIN[ 0.8*dvz, 24 in ] =    0.576 m. 
           -. Vuz < phiVcz/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_z   =    0.200 m. 
 
           -. Maximum spacing smax_y  = MIN[ 0.8*dvy, 24 in ] =    0.576 m. 
           -. Vuy < phiVcy/2  --->  Not required shear reinforcement. 
           -. Applied spacing s_y   =    0.200 m. 
 
           -. Applied spacing s     = MIN[ s_y, s_z ] =    0.200 m. 
 
      ( ). Compute shear strength of reinforcement. 
           -. Vsz      = Av*fys*dvz*cot(thetaz) / s =      646.80 kN. 
           -. Vsz_lim  = 0.25*fc'*bvz*dvz - Vcz =     3863.62 kN. 
           -. Vsz      = MIN[ Vsz, Vsz_lim ] =      646.80 kN. 
           -. phiVsz   = phi*Vsz =      582.12 kN. 
           -. phiVsz > (Vuz-phiVcz)  --->  O.K ! 
           -. Using Avz/s  =  Vsz / (fys*dvz*cot(thetaz)) =   0.0013 m^2/m. 
 
           -. Vsy      = Av*fys*dvy*cot(thetay) / s =      641.31 kN. 
           -. Vsy_lim  = 0.25*fc'*bvy*dvy - Vcy =     3899.45 kN. 
           -. Vsy      = MIN[ Vsy, Vsy_lim ] =      641.31 kN. 
           -. phiVsy   = phi*Vsy =      577.18 kN. 
           -. phiVsy > (Vuy-phiVcy)  --->  O.K ! 
           -. Using Avy/s  =  Vsy / (fys*dvy*cot(thetay)) =   0.0013 m^2/m. 
 
           -. Vu       =       4.488 kN. 
           -. Vr       =    1535.483 kN. 
           -. Ratio    = Vu / Vr = 0.003  --->  O.K ! 
 
      ( ). Compute minimum longitudinal reinforcement by shear. 
           -. phia    =   0.75 
           -. phib    =   0.90 
           -. phiv    =   0.90 
           -. Vs1y    =  MIN[ Vsy, Vuy/phiv ] =        4.99 kN. 
           -. Vs1z    =  MIN[ Vsz, Vuz/phiv ] =        4.99 kN. 
           -. Asy_req =  [ Muz/(phib*dvy)  - 0.5*Pu/phia + (Vuy/phiv - 0.5*Vs1y)*cot(thetay) ] / fy =  -
0.0041 m^2. 
           -. Asz_req =  [ Muy/(phib*dvz)  - 0.5*Pu/phia + (Vuz/phiv - 0.5*Vs1z)*cot(thetaz) ] / fy =  -
0.0041 m^2. 
           -. As_req  =  MAX[ Asy_req, Asz_req ] =  -0.0041 m^2. 
           -. As      =   0.0261 m^2. 
           -. As_req < As  --->  O.K ! 
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NOTAS GENERALES: - EN TÉRMINOS GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  EN TÉRMINOS GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE EN TÉRMINOS GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  TÉRMINOS GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE TÉRMINOS GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE GENERALES Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE Y SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE SALVO INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  INDICACIÓN EN CONTRA, LAS DIMENSIONES SE INDICACIÓN EN CONTRA, LAS DIMENSIONES SE  EN CONTRA, LAS DIMENSIONES SE EN CONTRA, LAS DIMENSIONES SE  CONTRA, LAS DIMENSIONES SE CONTRA, LAS DIMENSIONES SE  LAS DIMENSIONES SE LAS DIMENSIONES SE  DIMENSIONES SE DIMENSIONES SE  SE SE EXPRESAN EN METROS. EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  EN METROS. EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA EN METROS. EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  METROS. EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA METROS. EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA EN LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA LOS PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA PLANOS ESPECÍFICOS DE ESTRUCTURA METÁLICA  ESPECÍFICOS DE ESTRUCTURA METÁLICA ESPECÍFICOS DE ESTRUCTURA METÁLICA  DE ESTRUCTURA METÁLICA DE ESTRUCTURA METÁLICA  ESTRUCTURA METÁLICA ESTRUCTURA METÁLICA  METÁLICA METÁLICA SE EXPRESARÁN EN MILÍMETROS. - LAS COORDENADAS DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE  LAS COORDENADAS DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE LAS COORDENADAS DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE  COORDENADAS DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE COORDENADAS DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE  DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE DE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE  REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE REPLANTEO Y LAS ELEVACIONES ALTIMÉTRICAS SE  Y LAS ELEVACIONES ALTIMÉTRICAS SE Y LAS ELEVACIONES ALTIMÉTRICAS SE  LAS ELEVACIONES ALTIMÉTRICAS SE LAS ELEVACIONES ALTIMÉTRICAS SE  ELEVACIONES ALTIMÉTRICAS SE ELEVACIONES ALTIMÉTRICAS SE  ALTIMÉTRICAS SE ALTIMÉTRICAS SE  SE SE EXPRESAN EN METROS. - LAS COTAS RIGEN SOBRE EL DIBUJO. - ANTES DE MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  ANTES DE MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES, ANTES DE MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  DE MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES, DE MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES, MONTAR LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES, LA ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES, ESTRUCTURA, SE DEBERÁN VERIFICAR LOS NIVELES,  SE DEBERÁN VERIFICAR LOS NIVELES, SE DEBERÁN VERIFICAR LOS NIVELES,  DEBERÁN VERIFICAR LOS NIVELES, DEBERÁN VERIFICAR LOS NIVELES,  VERIFICAR LOS NIVELES, VERIFICAR LOS NIVELES,  LOS NIVELES, LOS NIVELES,  NIVELES, NIVELES, POSICIONES Y UBICACIONES DE LOS ELEMENTOS ESTRUCTURALES.  ESPECIFICACIONES: SERÁ DE APLICACIÓN LAS NORMAS SIGUIENTES: BRIDGE DESIGN SPECIFICATIONS - AASHTO CON SU METODOLOGÍA LRFD. REGLAMENTO DE CONSTRUCCIONES DEL DISTRITO FEDERAL - RCDF. NORMAS TÉCNICAS COMPLEMENTARIAS APARTADO DISEÑO Y CONSTRUCCIÓN DE  TÉCNICAS COMPLEMENTARIAS APARTADO DISEÑO Y CONSTRUCCIÓN DE TÉCNICAS COMPLEMENTARIAS APARTADO DISEÑO Y CONSTRUCCIÓN DE  COMPLEMENTARIAS APARTADO DISEÑO Y CONSTRUCCIÓN DE COMPLEMENTARIAS APARTADO DISEÑO Y CONSTRUCCIÓN DE  APARTADO DISEÑO Y CONSTRUCCIÓN DE APARTADO DISEÑO Y CONSTRUCCIÓN DE  DISEÑO Y CONSTRUCCIÓN DE DISEÑO Y CONSTRUCCIÓN DE  Y CONSTRUCCIÓN DE Y CONSTRUCCIÓN DE  CONSTRUCCIÓN DE CONSTRUCCIÓN DE  DE DE CIMENTACIONES. MANUAL DE OBRAS CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN  DE OBRAS CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN DE OBRAS CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN  OBRAS CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN OBRAS CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN  CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN CIVILES (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN  (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN (MDOC)- DISEÑO SÍSMICO 2015 - COMISIÓN  DISEÑO SÍSMICO 2015 - COMISIÓN DISEÑO SÍSMICO 2015 - COMISIÓN  SÍSMICO 2015 - COMISIÓN SÍSMICO 2015 - COMISIÓN  2015 - COMISIÓN 2015 - COMISIÓN  - COMISIÓN - COMISIÓN  COMISIÓN COMISIÓN FEDERAL DE ELECTRICIDAD. REQUISITOS DE REGLAMENTO PARA CONCRETO ESTRUCTURAL - ACI 318S-19. STEEL CONSTRUCTION MANUAL - AMERICAN INSTITUTE OF STEEL  CONSTRUCTION MANUAL - AMERICAN INSTITUTE OF STEEL CONSTRUCTION MANUAL - AMERICAN INSTITUTE OF STEEL  MANUAL - AMERICAN INSTITUTE OF STEEL MANUAL - AMERICAN INSTITUTE OF STEEL  - AMERICAN INSTITUTE OF STEEL - AMERICAN INSTITUTE OF STEEL  AMERICAN INSTITUTE OF STEEL AMERICAN INSTITUTE OF STEEL  INSTITUTE OF STEEL INSTITUTE OF STEEL  OF STEEL OF STEEL  STEEL STEEL CONSTRUCTION AISC. MANUAL DE CONSTRUCCIÓN EN ACERO - INSTITUTO MEXICANO DE LA  DE CONSTRUCCIÓN EN ACERO - INSTITUTO MEXICANO DE LA DE CONSTRUCCIÓN EN ACERO - INSTITUTO MEXICANO DE LA  CONSTRUCCIÓN EN ACERO - INSTITUTO MEXICANO DE LA CONSTRUCCIÓN EN ACERO - INSTITUTO MEXICANO DE LA  EN ACERO - INSTITUTO MEXICANO DE LA EN ACERO - INSTITUTO MEXICANO DE LA  ACERO - INSTITUTO MEXICANO DE LA ACERO - INSTITUTO MEXICANO DE LA  - INSTITUTO MEXICANO DE LA - INSTITUTO MEXICANO DE LA  INSTITUTO MEXICANO DE LA INSTITUTO MEXICANO DE LA  MEXICANO DE LA MEXICANO DE LA  DE LA DE LA  LA LA CONSTRUCCIÓN EN ACERO, A.C. CRITERIOS GENERALES DE ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2.  GENERALES DE ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2. GENERALES DE ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2.  DE ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2. DE ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2.  ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2. ANÁLISIS Y DISEÑO - SECCIÓN C - CAPÍTULO 2.  Y DISEÑO - SECCIÓN C - CAPÍTULO 2. Y DISEÑO - SECCIÓN C - CAPÍTULO 2.  DISEÑO - SECCIÓN C - CAPÍTULO 2. DISEÑO - SECCIÓN C - CAPÍTULO 2.  - SECCIÓN C - CAPÍTULO 2. - SECCIÓN C - CAPÍTULO 2.  SECCIÓN C - CAPÍTULO 2. SECCIÓN C - CAPÍTULO 2.  C - CAPÍTULO 2. C - CAPÍTULO 2.  - CAPÍTULO 2. - CAPÍTULO 2.  CAPÍTULO 2. CAPÍTULO 2.  2. 2. ACCIONES - COMISIÓN FEDERAL DE ELECTRICIDAD. PROYECTOS DE NUEVOS PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO  DE NUEVOS PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO DE NUEVOS PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO  NUEVOS PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO NUEVOS PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO  PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO PUENTES Y ESTRUCTURAS SIMILARES - 004 VIENTO  Y ESTRUCTURAS SIMILARES - 004 VIENTO Y ESTRUCTURAS SIMILARES - 004 VIENTO  ESTRUCTURAS SIMILARES - 004 VIENTO ESTRUCTURAS SIMILARES - 004 VIENTO  SIMILARES - 004 VIENTO SIMILARES - 004 VIENTO  - 004 VIENTO - 004 VIENTO  004 VIENTO 004 VIENTO  VIENTO VIENTO - SECRETARÍA DE COMUNICACIONES Y TRANSPORTES SCT. CIMBRA: - LA CIMBRA DEBERÁ ESTAR COMPLETAMENTE LIMPIA, A PLOMO O NIVELADA. - EL LUBRICADO DEBERÁ HACERSE ANTES DE COLOCAR EL ARMADO. CONCRETO: SE USARÁ CONCRETO CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200  USARÁ CONCRETO CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200 USARÁ CONCRETO CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200  CONCRETO CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200 CONCRETO CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200  CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200 CLASE 1 CON PESO VOLUMÉTRICO MAYOR A 2200  1 CON PESO VOLUMÉTRICO MAYOR A 2200 1 CON PESO VOLUMÉTRICO MAYOR A 2200  CON PESO VOLUMÉTRICO MAYOR A 2200 CON PESO VOLUMÉTRICO MAYOR A 2200  PESO VOLUMÉTRICO MAYOR A 2200 PESO VOLUMÉTRICO MAYOR A 2200  VOLUMÉTRICO MAYOR A 2200 VOLUMÉTRICO MAYOR A 2200  MAYOR A 2200 MAYOR A 2200  A 2200 A 2200  2200 2200 kg/m3. EL CONCRETO SERÁ PREMEZCLADO. EL TAMAÑO MÁXIMO DEL AGREGADO GRUESO SERÁ DE 2 cm. RESISTENCIA MÍNIMA DEL CONCRETO A 28 DÍAS: - PILAS:    300 kg/cm2 300 kg/cm2 - CIMENTACIÓN DE CABALLETES:  300 kg/cm2 300 kg/cm2 - ALZADOS DE CABALLETES:  300 kg/cm2 300 kg/cm2 - ENCEPADOS Y PLINTOS DE COLUMNAS: 300 kg/cm2 300 kg/cm2 - PRELOSAS PREFABRICADAS:  300 kg/cm2 300 kg/cm2 - LOSA COLADA IN SITU:  300 kg/cm2 300 kg/cm2 RECUBRIMIENTOS LIBRES: - PILAS COLADAS CONTRA EL TERRENO: 75mm 75mm - CIMENTACIÓN DE CABALLETES:  50mm 50mm - ALZADOS DE CABALLETES:  50mm 50mm - ENCEPADOS Y PLINTOS DE COLUMNAS: 50mm 50mm - PRELOSAS PREFABRICADAS:  20mm 20mm - LOSA COLADA IN SITU:  25mm (CARA INFERIOR, CONTRA 25mm (CARA INFERIOR, CONTRA  (CARA INFERIOR, CONTRA (CARA INFERIOR, CONTRA  INFERIOR, CONTRA INFERIOR, CONTRA  CONTRA CONTRA PRELOSA) 40mm (CARA SUPERIOR) - LOS RECUBRIMIENTOS DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL  LOS RECUBRIMIENTOS DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL LOS RECUBRIMIENTOS DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL  RECUBRIMIENTOS DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL RECUBRIMIENTOS DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL  DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL DEBERÁN SER VERIFICADOS ANTES Y DURANTE EL  SER VERIFICADOS ANTES Y DURANTE EL SER VERIFICADOS ANTES Y DURANTE EL  VERIFICADOS ANTES Y DURANTE EL VERIFICADOS ANTES Y DURANTE EL  ANTES Y DURANTE EL ANTES Y DURANTE EL  Y DURANTE EL Y DURANTE EL  DURANTE EL DURANTE EL  EL EL COLADO. LA PLANTILLA SERÁ DE CONCRETO f'c = 100 kg/cm2 EL REVENIMIENTO NOMINAL DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ±  REVENIMIENTO NOMINAL DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ± REVENIMIENTO NOMINAL DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ±  NOMINAL DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ± NOMINAL DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ±  DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ± DEL CONCRETO NO SERÁ MAYOR DE 12.0 cm ±  CONCRETO NO SERÁ MAYOR DE 12.0 cm ± CONCRETO NO SERÁ MAYOR DE 12.0 cm ±  NO SERÁ MAYOR DE 12.0 cm ± NO SERÁ MAYOR DE 12.0 cm ±  SERÁ MAYOR DE 12.0 cm ± SERÁ MAYOR DE 12.0 cm ±  MAYOR DE 12.0 cm ± MAYOR DE 12.0 cm ±  DE 12.0 cm ± DE 12.0 cm ±  12.0 cm ± 12.0 cm ±  cm ± cm ±  ± ± 2.50 cm - EN CASO DE QUE EL PROCEDIMIENTO CONSTRUCTIVO REQUIERA UN REVENIMIENTO MAYOR, SE PODRÁ AMPLIAR MEDIANTE EL USO DE ADITIVOS Y FLUIDIFICANTES QUE NO AFECTEN LA RESISTENCIA NI LAS PROPIEDADES ELÁSTICAS DEL CONCRETO. LA COMPACTACIÓN DEL CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA  COMPACTACIÓN DEL CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA COMPACTACIÓN DEL CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA  DEL CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA DEL CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA  CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA CONCRETO SE REALIZARÁ POR VIBRACIÓN INTERNA  SE REALIZARÁ POR VIBRACIÓN INTERNA SE REALIZARÁ POR VIBRACIÓN INTERNA  REALIZARÁ POR VIBRACIÓN INTERNA REALIZARÁ POR VIBRACIÓN INTERNA  POR VIBRACIÓN INTERNA POR VIBRACIÓN INTERNA  VIBRACIÓN INTERNA VIBRACIÓN INTERNA  INTERNA INTERNA CON UN VIBRADOR MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  UN VIBRADOR MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO UN VIBRADOR MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  VIBRADOR MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO VIBRADOR MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO MECÁNICO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO O UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO UN VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO VIBRADOR DE FLECHA FLEXIBLE SEGÚN LO  DE FLECHA FLEXIBLE SEGÚN LO DE FLECHA FLEXIBLE SEGÚN LO  FLECHA FLEXIBLE SEGÚN LO FLECHA FLEXIBLE SEGÚN LO  FLEXIBLE SEGÚN LO FLEXIBLE SEGÚN LO  SEGÚN LO SEGÚN LO  LO LO MENCIONADO EN EL DOCUMENTO ACI-309R-05. EL MUESTREO DE CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA  MUESTREO DE CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA MUESTREO DE CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA  DE CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA DE CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA  CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA CONCRETO MÍNIMO SE REALIZARÁ CON BASE EN LA  MÍNIMO SE REALIZARÁ CON BASE EN LA MÍNIMO SE REALIZARÁ CON BASE EN LA  SE REALIZARÁ CON BASE EN LA SE REALIZARÁ CON BASE EN LA  REALIZARÁ CON BASE EN LA REALIZARÁ CON BASE EN LA  CON BASE EN LA CON BASE EN LA  BASE EN LA BASE EN LA  EN LA EN LA  LA LA SIGUIENTE DESCRIPCIÓN: o REVENIMIENTO: REVENIMIENTO: UNA VEZ POR CADA ENTREGA, SI ES PREMEZCLADO. o  PRUEBAS A COMPRESIÓN: LOS ENSAYOS DEBERÁN REALIZARSE A LOS 7, 14 Y 28 DÍAS DE  ENSAYOS DEBERÁN REALIZARSE A LOS 7, 14 Y 28 DÍAS DE ENSAYOS DEBERÁN REALIZARSE A LOS 7, 14 Y 28 DÍAS DE  DEBERÁN REALIZARSE A LOS 7, 14 Y 28 DÍAS DE DEBERÁN REALIZARSE A LOS 7, 14 Y 28 DÍAS DE  REALIZARSE A LOS 7, 14 Y 28 DÍAS DE REALIZARSE A LOS 7, 14 Y 28 DÍAS DE  A LOS 7, 14 Y 28 DÍAS DE A LOS 7, 14 Y 28 DÍAS DE  LOS 7, 14 Y 28 DÍAS DE LOS 7, 14 Y 28 DÍAS DE  7, 14 Y 28 DÍAS DE 7, 14 Y 28 DÍAS DE  14 Y 28 DÍAS DE 14 Y 28 DÍAS DE  Y 28 DÍAS DE Y 28 DÍAS DE  28 DÍAS DE 28 DÍAS DE  DÍAS DE DÍAS DE  DE DE HABER REALIZADO EL COLADO. o  PESO VOLUMÉTRICO: UNA VEZ POR CADA DÍA DE COLADO, PERO NO MENOS DE UNA  VEZ POR CADA DÍA DE COLADO, PERO NO MENOS DE UNA VEZ POR CADA DÍA DE COLADO, PERO NO MENOS DE UNA  POR CADA DÍA DE COLADO, PERO NO MENOS DE UNA POR CADA DÍA DE COLADO, PERO NO MENOS DE UNA  CADA DÍA DE COLADO, PERO NO MENOS DE UNA CADA DÍA DE COLADO, PERO NO MENOS DE UNA  DÍA DE COLADO, PERO NO MENOS DE UNA DÍA DE COLADO, PERO NO MENOS DE UNA  DE COLADO, PERO NO MENOS DE UNA DE COLADO, PERO NO MENOS DE UNA  COLADO, PERO NO MENOS DE UNA COLADO, PERO NO MENOS DE UNA  PERO NO MENOS DE UNA PERO NO MENOS DE UNA  NO MENOS DE UNA NO MENOS DE UNA  MENOS DE UNA MENOS DE UNA  DE UNA DE UNA  UNA UNA VEZ POR CADA 20 m3 DE CONCRETO. CONSIDERAR CURADO DE CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR)  CURADO DE CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR) CURADO DE CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR)  DE CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR) DE CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR)  CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR) CONCRETO (CURACRETO INCOLORO T1CA O SIMILAR)  (CURACRETO INCOLORO T1CA O SIMILAR) (CURACRETO INCOLORO T1CA O SIMILAR)  INCOLORO T1CA O SIMILAR) INCOLORO T1CA O SIMILAR)  T1CA O SIMILAR) T1CA O SIMILAR)  O SIMILAR) O SIMILAR)  SIMILAR) SIMILAR) TAN PRONTO DESAPAREZCA EL AGUA DE SANGRADO DEL CONCRETO O  PRONTO DESAPAREZCA EL AGUA DE SANGRADO DEL CONCRETO O PRONTO DESAPAREZCA EL AGUA DE SANGRADO DEL CONCRETO O  DESAPAREZCA EL AGUA DE SANGRADO DEL CONCRETO O DESAPAREZCA EL AGUA DE SANGRADO DEL CONCRETO O  EL AGUA DE SANGRADO DEL CONCRETO O EL AGUA DE SANGRADO DEL CONCRETO O  AGUA DE SANGRADO DEL CONCRETO O AGUA DE SANGRADO DEL CONCRETO O  DE SANGRADO DEL CONCRETO O DE SANGRADO DEL CONCRETO O  SANGRADO DEL CONCRETO O SANGRADO DEL CONCRETO O  DEL CONCRETO O DEL CONCRETO O  CONCRETO O CONCRETO O  O O MORTERO. SE RECOMIENDA QUE EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN  RECOMIENDA QUE EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN RECOMIENDA QUE EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN  QUE EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN QUE EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN  EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN EL COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN  COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN COLADO DE CADA ELEMENTO SEA MONOLÍTICO. EN  DE CADA ELEMENTO SEA MONOLÍTICO. EN DE CADA ELEMENTO SEA MONOLÍTICO. EN  CADA ELEMENTO SEA MONOLÍTICO. EN CADA ELEMENTO SEA MONOLÍTICO. EN  ELEMENTO SEA MONOLÍTICO. EN ELEMENTO SEA MONOLÍTICO. EN  SEA MONOLÍTICO. EN SEA MONOLÍTICO. EN  MONOLÍTICO. EN MONOLÍTICO. EN  EN EN CASO DE NO PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  DE NO PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR DE NO PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  NO PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR NO PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR PODER REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR REALIZAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  UN COLADO MONOLÍTICO SE RECOMIENDA PICAR UN COLADO MONOLÍTICO SE RECOMIENDA PICAR  COLADO MONOLÍTICO SE RECOMIENDA PICAR COLADO MONOLÍTICO SE RECOMIENDA PICAR  MONOLÍTICO SE RECOMIENDA PICAR MONOLÍTICO SE RECOMIENDA PICAR  SE RECOMIENDA PICAR SE RECOMIENDA PICAR  RECOMIENDA PICAR RECOMIENDA PICAR  PICAR PICAR LA SUPERFICIE DE CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10  SUPERFICIE DE CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10 SUPERFICIE DE CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10  DE CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10 DE CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10  CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10 CONCRETO ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10  ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10 ENDURECIDO DEJANDO UNA RUGOSIDAD DE ± 10  DEJANDO UNA RUGOSIDAD DE ± 10 DEJANDO UNA RUGOSIDAD DE ± 10  UNA RUGOSIDAD DE ± 10 UNA RUGOSIDAD DE ± 10  RUGOSIDAD DE ± 10 RUGOSIDAD DE ± 10  DE ± 10 DE ± 10  ± 10 ± 10  10 10 mm COMO MÍNIMO, RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE  COMO MÍNIMO, RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE COMO MÍNIMO, RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE  MÍNIMO, RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE MÍNIMO, RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE  RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE RETIRAR EL MATERIAL SUELTO O MAL ADHERIDO (QUE  EL MATERIAL SUELTO O MAL ADHERIDO (QUE EL MATERIAL SUELTO O MAL ADHERIDO (QUE  MATERIAL SUELTO O MAL ADHERIDO (QUE MATERIAL SUELTO O MAL ADHERIDO (QUE  SUELTO O MAL ADHERIDO (QUE SUELTO O MAL ADHERIDO (QUE  O MAL ADHERIDO (QUE O MAL ADHERIDO (QUE  MAL ADHERIDO (QUE MAL ADHERIDO (QUE  ADHERIDO (QUE ADHERIDO (QUE  (QUE (QUE PUEDA AFECTAR LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA  AFECTAR LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA AFECTAR LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA  LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA  LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA LIGA CON EL CONCRETO FRESCO) Y HUMEDECER LA  CON EL CONCRETO FRESCO) Y HUMEDECER LA CON EL CONCRETO FRESCO) Y HUMEDECER LA  EL CONCRETO FRESCO) Y HUMEDECER LA EL CONCRETO FRESCO) Y HUMEDECER LA  CONCRETO FRESCO) Y HUMEDECER LA CONCRETO FRESCO) Y HUMEDECER LA  FRESCO) Y HUMEDECER LA FRESCO) Y HUMEDECER LA  Y HUMEDECER LA Y HUMEDECER LA  HUMEDECER LA HUMEDECER LA  LA LA SUPERFICIE CADA 6 HORAS, DURANTE 24 HORAS PREVIAS AL COLADO.  CADA 6 HORAS, DURANTE 24 HORAS PREVIAS AL COLADO. CADA 6 HORAS, DURANTE 24 HORAS PREVIAS AL COLADO.  6 HORAS, DURANTE 24 HORAS PREVIAS AL COLADO. 6 HORAS, DURANTE 24 HORAS PREVIAS AL COLADO.  HORAS, DURANTE 24 HORAS PREVIAS AL COLADO. HORAS, DURANTE 24 HORAS PREVIAS AL COLADO.  DURANTE 24 HORAS PREVIAS AL COLADO. DURANTE 24 HORAS PREVIAS AL COLADO.  24 HORAS PREVIAS AL COLADO. 24 HORAS PREVIAS AL COLADO.  HORAS PREVIAS AL COLADO. HORAS PREVIAS AL COLADO.  PREVIAS AL COLADO. PREVIAS AL COLADO.  AL COLADO. AL COLADO.  COLADO. COLADO. PREVIAMENTE AL NUEVO COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA  AL NUEVO COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA AL NUEVO COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA  NUEVO COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA NUEVO COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA  COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA COLADO, SE COLOCARÁ A LO LARGO DE LA JUNTA  SE COLOCARÁ A LO LARGO DE LA JUNTA SE COLOCARÁ A LO LARGO DE LA JUNTA  COLOCARÁ A LO LARGO DE LA JUNTA COLOCARÁ A LO LARGO DE LA JUNTA  A LO LARGO DE LA JUNTA A LO LARGO DE LA JUNTA  LO LARGO DE LA JUNTA LO LARGO DE LA JUNTA  LARGO DE LA JUNTA LARGO DE LA JUNTA  DE LA JUNTA DE LA JUNTA  LA JUNTA LA JUNTA  JUNTA JUNTA ADHECON Y UN CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL  Y UN CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL Y UN CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL  UN CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL UN CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL  CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL CORDÓN EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL  EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL EXPANSIVO ATENDIENDO LAS ESPECIFICACIONES DEL  ATENDIENDO LAS ESPECIFICACIONES DEL ATENDIENDO LAS ESPECIFICACIONES DEL  LAS ESPECIFICACIONES DEL LAS ESPECIFICACIONES DEL  ESPECIFICACIONES DEL ESPECIFICACIONES DEL  DEL DEL FABRICANTE.
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ACERO DE REFUERZO: SE TENDRÁ ESPECIAL CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA  TENDRÁ ESPECIAL CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA TENDRÁ ESPECIAL CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA  ESPECIAL CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA ESPECIAL CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA  CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA CUIDADO EN LA LIMPIEZA DE LAS VARILLAS PARA  EN LA LIMPIEZA DE LAS VARILLAS PARA EN LA LIMPIEZA DE LAS VARILLAS PARA  LA LIMPIEZA DE LAS VARILLAS PARA LA LIMPIEZA DE LAS VARILLAS PARA  LIMPIEZA DE LAS VARILLAS PARA LIMPIEZA DE LAS VARILLAS PARA  DE LAS VARILLAS PARA DE LAS VARILLAS PARA  LAS VARILLAS PARA LAS VARILLAS PARA  VARILLAS PARA VARILLAS PARA  PARA PARA EVITAR QUE TENGAN ÓXIDO SUELTO ANTES DEL COLADO. SE USARÁ ACERO DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2,  USARÁ ACERO DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2, USARÁ ACERO DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2,  ACERO DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2, ACERO DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2,  DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2, DE REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2,  REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2, REFUERZO CON UNA RESISTENCIA FY = 4200 kg/cm2,  CON UNA RESISTENCIA FY = 4200 kg/cm2, CON UNA RESISTENCIA FY = 4200 kg/cm2,  UNA RESISTENCIA FY = 4200 kg/cm2, UNA RESISTENCIA FY = 4200 kg/cm2,  RESISTENCIA FY = 4200 kg/cm2, RESISTENCIA FY = 4200 kg/cm2,  FY = 4200 kg/cm2, FY = 4200 kg/cm2,  = 4200 kg/cm2, = 4200 kg/cm2,  4200 kg/cm2, 4200 kg/cm2,  kg/cm2, kg/cm2, EXCEPTO EL ALAMBRÓN (#2), EL CUAL SERÁ fy = 2300 kg/cm2. LAS LONGITUDES DE ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO  LONGITUDES DE ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO LONGITUDES DE ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO  DE ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO DE ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO  ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO ANCLAJE Y TRASLAPE SERÁN CONFORMES A AASHTO  Y TRASLAPE SERÁN CONFORMES A AASHTO Y TRASLAPE SERÁN CONFORMES A AASHTO  TRASLAPE SERÁN CONFORMES A AASHTO TRASLAPE SERÁN CONFORMES A AASHTO  SERÁN CONFORMES A AASHTO SERÁN CONFORMES A AASHTO  CONFORMES A AASHTO CONFORMES A AASHTO  A AASHTO A AASHTO  AASHTO AASHTO LRFB BDS (9TH EDITION - 2020) SEGÚN INDICADO EN LA TABLA.  LOS EMPALMES DE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE  EMPALMES DE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE EMPALMES DE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE  DE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE DE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE  VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE VARILLAS #10 Y#12 SE RESOLVERÁN MEDIANTE  #10 Y#12 SE RESOLVERÁN MEDIANTE #10 Y#12 SE RESOLVERÁN MEDIANTE  Y#12 SE RESOLVERÁN MEDIANTE Y#12 SE RESOLVERÁN MEDIANTE  SE RESOLVERÁN MEDIANTE SE RESOLVERÁN MEDIANTE  RESOLVERÁN MEDIANTE RESOLVERÁN MEDIANTE  MEDIANTE MEDIANTE CONECTORES MECÁNICOS. SE ATENDERÁ A LAS ESPECIFICACIONES DEL  MECÁNICOS. SE ATENDERÁ A LAS ESPECIFICACIONES DEL MECÁNICOS. SE ATENDERÁ A LAS ESPECIFICACIONES DEL  SE ATENDERÁ A LAS ESPECIFICACIONES DEL SE ATENDERÁ A LAS ESPECIFICACIONES DEL  ATENDERÁ A LAS ESPECIFICACIONES DEL ATENDERÁ A LAS ESPECIFICACIONES DEL  A LAS ESPECIFICACIONES DEL A LAS ESPECIFICACIONES DEL  LAS ESPECIFICACIONES DEL LAS ESPECIFICACIONES DEL  ESPECIFICACIONES DEL ESPECIFICACIONES DEL  DEL DEL FABRICANTE PARA GARANTIZAR QUE EL CONECTOR SELECCIONADO PERMITA LA  PARA GARANTIZAR QUE EL CONECTOR SELECCIONADO PERMITA LA PARA GARANTIZAR QUE EL CONECTOR SELECCIONADO PERMITA LA  GARANTIZAR QUE EL CONECTOR SELECCIONADO PERMITA LA GARANTIZAR QUE EL CONECTOR SELECCIONADO PERMITA LA  QUE EL CONECTOR SELECCIONADO PERMITA LA QUE EL CONECTOR SELECCIONADO PERMITA LA  EL CONECTOR SELECCIONADO PERMITA LA EL CONECTOR SELECCIONADO PERMITA LA  CONECTOR SELECCIONADO PERMITA LA CONECTOR SELECCIONADO PERMITA LA  SELECCIONADO PERMITA LA SELECCIONADO PERMITA LA  PERMITA LA PERMITA LA  LA LA TRANSFERENCIA DE LA CARGA MÁXIMA ENTRE LAS VARILLAS A EMPALMAR.  CON CARÁCTER GENERAL, NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA  CARÁCTER GENERAL, NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA CARÁCTER GENERAL, NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA  GENERAL, NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA GENERAL, NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA  NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA NO DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA  DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA DEBERÁ TRASLAPARSE MÁS DE UNA TERCERA  TRASLAPARSE MÁS DE UNA TERCERA TRASLAPARSE MÁS DE UNA TERCERA  MÁS DE UNA TERCERA MÁS DE UNA TERCERA  DE UNA TERCERA DE UNA TERCERA  UNA TERCERA UNA TERCERA  TERCERA TERCERA PARTE DEL ACERO EN UNA MISMA SECCIÓN. LA SEPARACIÓN INDICADA EN PLANOS PARA VARILLAS ES DE CENTRO A  SEPARACIÓN INDICADA EN PLANOS PARA VARILLAS ES DE CENTRO A SEPARACIÓN INDICADA EN PLANOS PARA VARILLAS ES DE CENTRO A  INDICADA EN PLANOS PARA VARILLAS ES DE CENTRO A INDICADA EN PLANOS PARA VARILLAS ES DE CENTRO A  EN PLANOS PARA VARILLAS ES DE CENTRO A EN PLANOS PARA VARILLAS ES DE CENTRO A  PLANOS PARA VARILLAS ES DE CENTRO A PLANOS PARA VARILLAS ES DE CENTRO A  PARA VARILLAS ES DE CENTRO A PARA VARILLAS ES DE CENTRO A  VARILLAS ES DE CENTRO A VARILLAS ES DE CENTRO A  ES DE CENTRO A ES DE CENTRO A  DE CENTRO A DE CENTRO A  CENTRO A CENTRO A  A A CENTRO. LAS DIMENSIONES DE GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL  DIMENSIONES DE GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL DIMENSIONES DE GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL  DE GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL DE GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL  GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL GANCHOS, TRASLAPES, ETC. ESTÁN INDICADAS EN EL  TRASLAPES, ETC. ESTÁN INDICADAS EN EL TRASLAPES, ETC. ESTÁN INDICADAS EN EL  ETC. ESTÁN INDICADAS EN EL ETC. ESTÁN INDICADAS EN EL  ESTÁN INDICADAS EN EL ESTÁN INDICADAS EN EL  INDICADAS EN EL INDICADAS EN EL  EN EL EN EL  EL EL CUADRO DE DETALLES DE REFUERZO. EL ANCLAJE DE LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS  ANCLAJE DE LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS ANCLAJE DE LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS  DE LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS DE LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS  LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS LAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS  VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS VARILLAS DE REFUERZO PRINCIPAL DE LAS PILAS  DE REFUERZO PRINCIPAL DE LAS PILAS DE REFUERZO PRINCIPAL DE LAS PILAS  REFUERZO PRINCIPAL DE LAS PILAS REFUERZO PRINCIPAL DE LAS PILAS  PRINCIPAL DE LAS PILAS PRINCIPAL DE LAS PILAS  DE LAS PILAS DE LAS PILAS  LAS PILAS LAS PILAS  PILAS PILAS DENTRO DEL ENCEPADO SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA  DEL ENCEPADO SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA DEL ENCEPADO SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA  ENCEPADO SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA ENCEPADO SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA  SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA SE RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA  RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA RESOLVERÁ EMPLEANDO VARILLAS CON CABEZA  EMPLEANDO VARILLAS CON CABEZA EMPLEANDO VARILLAS CON CABEZA  VARILLAS CON CABEZA VARILLAS CON CABEZA  CON CABEZA CON CABEZA  CABEZA CABEZA EN T, CON ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  T, CON ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ T, CON ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  CON ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ CON ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ ANCLAJES MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ MECÁNICOS TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  TIPO TERMINATOR O SIMILAR. SE ATENDERÁ TIPO TERMINATOR O SIMILAR. SE ATENDERÁ  TERMINATOR O SIMILAR. SE ATENDERÁ TERMINATOR O SIMILAR. SE ATENDERÁ  O SIMILAR. SE ATENDERÁ O SIMILAR. SE ATENDERÁ  SIMILAR. SE ATENDERÁ SIMILAR. SE ATENDERÁ  SE ATENDERÁ SE ATENDERÁ  ATENDERÁ ATENDERÁ A QUE EL SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS  QUE EL SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS QUE EL SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS  EL SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS EL SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS  SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS SISTEMA EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS  EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS EMPLEADO GARANTICE LA TRANSMISIÓN DE LAS CARGAS  GARANTICE LA TRANSMISIÓN DE LAS CARGAS GARANTICE LA TRANSMISIÓN DE LAS CARGAS  LA TRANSMISIÓN DE LAS CARGAS LA TRANSMISIÓN DE LAS CARGAS  TRANSMISIÓN DE LAS CARGAS TRANSMISIÓN DE LAS CARGAS  DE LAS CARGAS DE LAS CARGAS  LAS CARGAS LAS CARGAS  CARGAS CARGAS DEL CONCRETO EN LA SECCIÓN FINAL DE LAS VARILLAS.
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